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1.1. THEORETICAL FRAMEWORK

1.1.1. ROUTINE SKILLS AND FLEXIBILITY

The concern for improved efficiency in problem solving and
decision making in novel situations is central in all contexts of the
modern world where adjustment to fast changes is required. This is
typically the case in industry and in all fields, including the military,
in which humans are confronted with rapidly evolving technologies.
While firmly established skills, ready for highly automatized
performance, are obviously needed, it seems desirable that they be
complemented by flexibility when programmed action is not available
to solve unexpected difficulties. The balance between routine, highly
efficient control and flexible appraisal of a novel situation raises one
of the most complex problems in applied psychology of learning and
intelligence. The fact that current technology, based on highly
automatic systems and robotics, has taken over, in a more efficient
and safer way, tasks that were previously performed by human
operators, has had the consequence of leaving the latter with the
specific responsability for dealing with that part of reality that cannot
be routinely treated by automata. But in order to react efficiently in
unexpected situations, the human agent is, to a large extent,
supposed to integrate, in parallel with automatic devices, the routine
treatment as it goes on undisturbed by unusual events, so that he can
react with corect knowledge of the state of affairs when such events
occur.

This paradoxical complementarity between routine and flexibility
is most important in the military context, pervaded as it is by modern
technology, but it seems at odds with the traditional approach to the
training of military men. Military training has been aimed at
endowing soldiers with a set of highly automatized behaviors and a
stable tendency to obey orders - that will hopefully function in all
battlefield or similarly critical situations, and resist interferences of
emotional stress. However, in so far as emergency situations
involve, more often that not, essentially non predictable aspects, it
has been increasingly recognized that routine training is not enough,
and can indeed sometimes lead to absurd or totally inefficient
solutions.

Therefore, the challenge for those which are in charge of training
is clearly to find the adequate combination of automatism and
flexibility. Or, putting it another way, to ensure that useful
automatisms are available to the individuals as they are needed, while
preserving their capacity for varying from programmed action when
necessary. Much is known, from a long tradition in practical
training of men in various contexts, about the efficient ways to build
a repertoire of simple and complex behavioral units finely tuned to
predictable situations. Many laws of learning, as described by
psychologists - progressive shaping, repetition, distributed vs
massed learning, effects of reward, punishment, knowledge of
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results, and the like, - correctly fit to the educational strategies put to
work.

While we can characterize fairly well what a given motor habit, or
a given information processing are, we are not able to describe
clearly what are the properties of those "flexible behaviors" which,
we feel, are useful for adaptation to novel situations or production of
creative works. This might be the reason why we resort to general
abstract terms like "flexibility" rather than to concrete and operational
definitions.

For all pratical purposes, the main question, however, is not so
much "What is the nature of psychological or behavioral flexibility
?", but "Can it be trained, and if so, how can it be trained?". These
are the questions that have been addressed to in the present research
project. They have not been dealt with in appplied, field situations,
but in much more limited laboratory situations. It is assumed that
experimental models in the laboratory can help in providing new
insights about this little understood aspects of human adaptation in
real life.

1.1.2. THE ISSUE OF CREATIVITY

At this point, it is advisable to clarify terminological matters. We
have been using, up to now, the word flexibility, and we have
occasionally referred to creativity. These are words familiar to
everyone, which make them convenient in conveying ideas to a non
specialized audience, but can also be a source of confusion. For
theoretical and methodological reasons which will be exposed at
length in chapter 2. 1. (Looking at variability in its own right), the
word behavioral vriailit has been preferred. The core of the
argument can be summarized in non-technical terms by first
reminding the reader of some aspects of the psychology of creativity
in the last few decades. The approach taken here will be best
characterized by contrasting it against that background.

While some psychologists had been occasionally interested in
creativity before that time, renewed and systematic concern for that
elusive aspect of human activity has developed roughly since the
fifties. It was related with a shift, in education, from a view of
school as a place where knowledge is transmitted to a conception of
school as an environment in which creative persons are - or should -
be fostered. However, a less idealistic account of the renewed
interest for creativity can be suggested : in the context of the
"cold-war" and of competition between the two superpowers, there
had been, in the fifties, among political and educational circles in the
United States, acute awareness of the inefficiency of schools,
especially with regard to science educat,ra. The solution was looked
for in the magic concept of creativity.

24
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Whatever the respective part played by changing, views of
education and by sociopolitical anxiety, the dominant tenet tended to
oppose creativity and knowledge acquisition. The first was seen as
an inborn potentiality, expected to express itself spontaneously in the
absence of obstacles, while the latter was viewed as the result of
social conditioning - with all overtones attached to this word. In an
extreme version, the less educational institutions would interfere with
the developing individual, the more likely would his/her creative
potential emerge. As one prominent edLcationist put it : "Creativity
cannot be taught, like physics; it can only be liberated" (Schwartz,
B., 1973).

In so far as school education had been assimilated with a
consistent, rational undertaking, creativity was felt as escaping
rationality, as implying essential ingredients of an emotional, rather
than rational nature. Support for this view was provided later by
appealing, in a rather simplistic manner, to the recently discovered
hemispheric specialization of the human brain.

Though derived from a quite different branch of psychological
research, psychometric approaches to creativity did not suggest any
essentially distinct view of creativity. Dichotomies such as divergent
vs convergent thinking, field independence vs field dependence,
explorer vs assimilator cognitive style, fluidity vs crystallized
thinking, and the like, where the first term is assimilated with a
creative mind and the second term with conformity, imply that
creativity is to be understood as a personality trait or factor rather
than as a dynamic aspect of action and thought, and sanction the view
that a break exist between creativity/flexibility on one hand and
learning/problem solving on the other. It does not provide any useful
hint as to the possible links between the two opposite domains.
Moreover, a personality or mental trait is not the sort of thing that can
be changed or improved, which means that this approach leaves little
hope as to the feasibility of educating people to creativity.

1. 1.3. THE EVOLUTIONARY MODEL

The view adopted here is radically different, which does not mean
that it is not backed by an important tradition of theoretical thinking in
modem psychology and in other sciences. It assumes that, whatever
the differences in the complexity of behaviors or underlying
processes involved, simple learning, problem solving and so-called
creative behavior are all located along the same continuum, and that
common basic mechanisms are at work in all forms of adaptive
behavioral change. These mechanisms are best understood by
referring to the analogy of biological evolution - a theoretical frame
that has shaped modem thinking not only in biology, but in many
aspects of psychology, anthropology, and even of physical sciences
(see Prigogine & Stengers, 1979, 1988).
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We shall not engage here into the intricacies of the evolutionary
model - these will be elaborated further in chapter 2.1. Let us
summarize the main relevant points as follow:

(1) What makes the evolutionary model an inspiring one for our
present concern, is that it has to account for the emergence of novelty
(novel living forms), which is also our problem as we have to
account for learning, problem solving and creative behavior (any bit
of learned behavior is novel in the repertoire of an individual, as is
the solution given to a problem; creative acts are novel by reference
to a whole set of shared cultural behaviors and products);

(2) The process at work involves two major elements, i.e.
variation (of the genetic material, through mutations and
recombinations by sexual reproduction) and selection (environmental
conditions, the pressure of which eventually results in survival). We
can think of learning, problem solving and creative behavior also as
involving a process of selection upon a fraction of the behavioral and
cognitive activities of an organism. In other words, it a selective
process is to operate at all, we need some variations to start with. No
change is to be expected, nothing new is likely to occur if there is no
variability in the system.

The concepts of variation and variability are not easy to deal with,
however. Especially in the tradition of psychological thinking, still
much dominated by a restricted definition of a scientific approach,
variability has generally been looked at as a property of data that most
researchers will rather like to eliminate. Either it is viewed as
reflecting the imperfections of the scientist's tools of observation -
and the remedy is to work out refined techniques - or it is conceived
of as reflecting the imperfections of nature, about which nothing can
be done, but which can be minimized, or neutralized, by considering
only ideal patterns (central tendencies, types, clear-cut categories, ... )
ignoring variations around them as mere deviations.

There are a number of reasons that explain why, throughout the
history of psychology and up to now, psychologists have been
treating variability in that way rather than looking at it in its own
right. These will be shortly discussed in chapter 2.1.

The consequence of that state of affairs is that very few study
have been focussed on behavioral variability, or the nature and
sources of behavioral variations.

The fields of animal and human learning and problem solving is
typical in that respect. In the particular area of operant conditioning,
notwithstanding the theoretical interest in the evolutionary analogy,
the emphasis has been put on the control exerted by so-called
contingencies of reinforcement (the set of environmental conditions
that shape and maintain behavior), which can be identified with the
"selective pressure" variable. This has led to the d,.ply misleading
interpretation, that is widespread among psychologists as well as
among laypeople, that operant conditioning is about routinely
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repetitive, stereotyped behavior. Little attention has been given to
variations, which, however, are crucial for the learning process itself
(the few relevant empirical studies and theoretical contributions will
be reviewed in chapter 2.2).

Similarly, in studies of problems solving, behaviors not leading
to the solution are usually overlooked, or recorded as errors, rather
than systematically analysed as useful approximations. In the study
of cognitive activities, Piaget has taken a quite different stand in
focussing on the properties of a subjects' reasoning rather than the
adequacy of its outcome to the rules of logic. The present study
owes much to his theoretical approach and to his experimental
ingenuity.

Summing up, the present projet can be seen as a contribution to

the study of behavioral variations as such.

1.2. EXPERIMENTAL METHODS

1.2.1. THE MAIN PROCEDURE

The main technique used in this research is derived from an experimental
procedure designed by Vogel and Annau (1973). The technical features will
be described at length in chapter 3. It has been modified and elaborated so as
to fit the particular aims of the project, and the human subjects which were the
main population under study.

The general principle will be easily grasped by resorting to a simple
metaphore. Suppose you live in a typical New-World city, where streets and
avenues cross regularly at right angles as in the central section of Manhattan
(partly represented below). You live at place A, let say close to the comer of
Lexington Avenue 52nd Street and you walk daily to your office, located (in
B) at the corner of the 1st Avenue 49th Street. So you have to walk three
blocks Eastward and three blocks South. There are a number of different
ways you can take, all of them equivalent in terms of distance (at least we
shall assume so). You might like to use only one of them, and stick to it, day
after day, throughtout the twenty years of your professional life in that office.
But you might as well change, occasionally, or, so to speak, make a rule of
changing. This is typically an open situation, where there are no real
constraints on your behavior, but a certain degree of freedom, that you might
or might not exploit.
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Transferred to the laboratory world, you might think of your
spatial daily problem as a maze, with the particularity of offering
multiple solutions (there are indeed no blind alley, except that if you
do not take the right turns at some critical point you might go off
your way and never reach your office).

The subjects in our experiment were not put in a maze, but
presented with a two dimensional display that is essentially a visual
representation of your Manhattan familiar maze. The video screen,
designed below, showed a picture of a four floors bank building,
with four windows at each floor. A bag filled with dollars is pictured
at the upper left window (4th floor) at the start of a trial. The trial is
completed successfully when the subject has brought the bag in the
right bottom window on ground floor: the bag is then taken away by
a security man and taken to a safe, to the benefit of the subject, who
is credited by one point increment on a counter. The whole scene is
of course attractively animated.

28



t BAAIK

El 111 F- Fl C

D DD

How can the subject move from the starting point to the end
point? Two buttons are available to him : pessing the left or right
button, results in the bag moving to the next window to the right or
downward respectively. A trial of six presses, three on the left, three
on the right button, in any order, is what is needed to obtain the
reward. No extra (4th) press is tolerated : it end the trial.

As in the Manhattan example, there are a number (20) of
equivalent ways to reach the goal. The apparatus could appropriately
be named a visual maze. As it was derived from a cruder version,
composed of a 4 by 4 light bulbs matrix, it has been called the
MATRIX, and it will be referred to as the Matrix hereafter.

The situation offers a possibility to test:
(I) Whether a subject will use all possible ways, or only a few of

them or only one;
(2) Whether he will change his habits, vary more or less as a

function of various conditions; for instance, will he be more or less
variable according to the fact that his behavior is being rewarded on
each successful trial, or only on some of them (intermittent reward or
reinforcement);

(3) Whether variability can be induced or increased by
differentially rewarding the subject only if he has used the path that is
different from the immediately previous trial or from the n preceding
trials;

(4) Whether a variability training facilitates the subjects'
adaptation to novel conditions;
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(5) Whether an individual's characteristics in that situation are
correlated with his style in approaching other problems that are used
in psychological research, carried out in different, through relevant,
theoretical frameworks;

(6) Whether a subject's educational background or socio-cultural
status are correlated with his performances.

Other questions have been raised which will be formulated in due
time, but need not be mentioned here, since they can be left out
without loosing anything substantial in the general approach nor in
the main results. Point 5 (above) involves comparisons with other
procedures including tasks designed after Piaget, cognitive style
tests, etc... These are described in chapter 3.

1.2.2. POPULATION AND EXPERIMENTAL DESIGN

Details on experimental samples are given in chapters 4.2.1.,
5.1.2.1. and 5.2.2.1., with the experimental design concerning the
two groups of experiments. A few preliminary remark, are in point
in order to grasp the developmental (and to some extent comparative)
approach of Experiment 1 and the general context of Experiments 2
and 3.

1.2.2.1. Experiment I

The rationale for the developmental and comparative appoach

Experiment 1 deals mainly with the subjects' spontaneous
behavioral variability, the possibility to induce behavioral variability
and the role of visual feedback in the organization of subjects'
behavior. It addresses questions 1 to 5 formulated in section 1.2.1.

Three different conditions were used : in the first one, all correct
sequences were reinforced; in the second one, a correct sequence was
reinforced if it was different from the 2 previous ones, and in the
third one, the visual display did not give any useful information
(random displacement of the moneybag).

In this experiment, age groups were compared (5-6 y.o.; 9-10
y.o.; 14-15 y.o. and 18-24 y.o.) and the subjects' behaviors in the
Visual Matrix were correlated with their behaviors in several
cognitive tasks.

In fact, this experiment is only one part, included in the present
project, of a broader developmental study carried out concurrently in
our laboratory (Boulanger, 1989). A word of warning is in point
here. It might seem unusual to include a developmental dimension in
a study that should be of interest to the military. Young adults might
seem to provide an adequate and sufficient population. However, we
believe that a developmental approach recommends itself if we want
to understand how behavioral variability emerges (or, to the
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opposite, decays) and how various external conditions, or personal
history factors can influence it. A long tradition of scientific
psychology, possibly more prominent in Europe than anywhere else,
has confirmed the valuable contribution of developmental analysis to
our understanding of psychological functions in general and more
specifically to our understanding of cognitive functions. The
heuristical value of the developmental approach and its explanatory
power have been masterfully demonstrated by Piaget's work, but he
is only one, admittedly the major one, of a number of great behavior
scientists who, on the continent, have emphasized the same point.
The names of H. Wallon, whose important work is unfortunately
little known out of the French language area, of K. Lorenz, in
ethology, not to mention Freud in another aspect of mental life, are
only illustrative of a general feature (Piaget's theory has been at the
basis of the choice of age-groups considered and of some of the
cognitive tasks used in Experiment 1. It wiU be briefly presented in
chapter 2.3. 1.).

It should be emphasized that the developmental approach is not
just plotting any dependent variable against age, considered as just
another independent variable. It is taken to explain, to some
important extent, the psychological organization as observed in adult
subjects. Development is where we can follow the building up of
later functioning, where we can observe significant bifurcations,
where we can identify the various elements, such as sensitivity to
contingencies, attention, organization in memory, awareness,
verbalization, etc. which eventually combine to produce the complex
picture found in adult subjects.

A similar reasoning holds for comparative approach in animals.
Though animal studies had not been included in the project, except as
accessory and as available ressources would permit, and though they
have not been in fact included, their importance in dealing with the
issue of behavioral variability should not be overlooked. Comparing
animal to human performances is crucial in understanding the roots
of the process under scrutiny. At the theoretical level, as will be seen
in chapter 2. 1, it is especially important to validate the hypothesis that
the basic process of learning involves the dialectic combination of
variation and selection. Demonstrating that animal organisms are, for
that matter, generators of variability will of course give foundation to
the view that creative behavior obeys the same basic rules as simpler
changes occurring in individual animals when they learn. This
justifies chapter 2.2.2.1., in which the literature on human and
animal studies of behavioral variability is reviewed and discussed. It
also justifies that some experiments carried out in the laboratory,
concurrently with the present project, by Machado (1988) are
reported in a preliminary form, in Appendix 4.

To persuade the reader of the sort of insight that can be provided
by animals studies in a problem that, at first sight, might be thought
of as specifically human, and of human interest only, let us describe
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briefly one of the simplest experiments that can be and has indeed
been performed. Some drugs are sometimes said to enhance learning
or cognitive functions - the search for such drugs is indeed the
priority in many drug companies today. Some years ago, there were
some claims that alcohol and amphetamine were good candidates. A
simple measure of learning and supposedly a valid one, in specialized
research laboratory, implies recording the time a rat takes to run
from the starting box to the goal end of a straight alley. In fact, both
drugs had some reducing effet on running time, hence a positive effet
on learning. However, Devenport (1983) had the very simple idea of
observing her rats in the alley, only to discover thai non-drugged rats
would go on spending some time fooling around and exploring,
while drugged rats would run at maximum speed to the goal. Had
they improved, compared to non-drugged rats ? Running time had
decreased, true, but exploratory behavior, typical of normal rats -
free and able to run just as fast - had been abandoned. Devenport's
interpretation, which we think is right, was that not learning had
improved but exploratory behavior (which is linked, according to our
view, with the concept of variability) had been impaired.

1.2.2.2. Experiments 2 and 3

Experiments 2 and 3 deal mainly with the subjects' spontaneous
behavioral variability and the effects of a variability training on the
subjects' adaptation to novel conditions.

Subjects were divided in 2 experimental groups. In the first
one, after having been reinforced for each correct sequence during 50
trials, subjects received a variability training during 100 trials (they
had to produce sequences different from the 2, or from the 10
previous ones, to be reinforced). Finally, they were submitted to a
last condition (also 50 trials) where only three particular sequences
were reinforced. In the other group, subjects were reinforced for
each correct sequence during 150 trials before being submitted to the
last condition.

In this second part of our study, variability and performances of
adolescents and adults of 18-27 y.o. (militiamen) were analysed as a
function of their socio-economical origin and of their types or level of
educational background.

There are, to our knowledge, no studies bearing directly on the
relations between the subjects' socio-economical origin, their level or
their type of educational background, on one hand, and some
measure of their behavioral variability on the other hand. However,
these variables have been shown to be relevant in some studies of
cognitive functioning (some of them will be briefly presented in
chapter 2.4. These studies have incited us to included these variables
in the study of variability. One could indeed suspect that the
educational background is important in favouring or restricting
variability. This is a very practical issue since there is now a
widespread concern for more "flexibility", "creativity" and the like in
all aspects of social and professional life.

32



1.3. MAIN RESULTS

A detailled account of results obtained in Experiments 1, 2 and 3
will be given in chapters 4.3., 5.1.3. and 5.2.3.

They can be condensed in the following points:

I. When subjects are presented with a situation where any correct
sequence is the only condition for being rewarded (a situation
labelled "Normal"), performance improves as the session
progresses, while variability decreases. Subjects not only
produce fewer incorrect sequences but they also produce fewer
different correct sequences.
However, even after a large number of trials under those
conditions, subjects never behave in a totally stereotyped manner.
They still keep on producing a few different correct sequences.
Subjects' capacity to master the task, - i.e. to improve their
performances throughout the sessions - increases as a function of
age.
Overall variability - that is variability measured by the number of
different, correct and incorrect, sequences produced - is
approximately the same in all age groups. But the respective part
of the two components changes with age. In younger subjects, it
is equally accounted for by the variety in incorrect as well as in
correct sequences. As age increases, variability of correct
sequences increases while variability of incorrect sequences
decreases.

2. In the situation where visual cues no longer co'f ide with the
motor responses, but are given randomly, subjects from 9 years
of age and above are strongly disturbed. Their performance is
much poorer than when visual cues are consistent with their
motor responses. They also show much greater variability of
both correct and incorrect sequences. However, they eventually
adjust to that situation, all the more easily as they grow older.
On the opposite, younger subjects, 5-6 years old, seem little
disturbed by the absence of visual cues. They paradoxically
perform better, and ii the most stereotyped manner. In fact, they
resort, as in other conditions, to a purely motor strategy - such as
alternance responses on left and right buttons.
If older subjects eventually use the same motor strategy in that
situation - which is indeed the most appropriate in terms of
efficiency and minimal error -, they do not use it preferentially
when consistent visual cues are provided. In that case, they do
not merely produce combinations of motor responses, but they
follow various paths to the goal.

3. When the situation so requires, adolescent and adult subjects do
adopt more variable behaviors. They even tend to vary more than
necessary.
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By contrast, increasing variability of correct sequences by
differential reinforcement reveals more difficult in 9-10 years old
subjects, and still more so in 5-6 years old. The poor
performance of the latter in that situation seems related to their
difficulty in mastering the matrix operating rules. Using visual
informations in order to produce varied correct sequences seems
especially difficult to them.
Some results clearly show that, even in adult subjects, the
capacity to master the task (as measured by the performance
obtained when they are placed in the situation, during the first
fifty trials, in which the on ,' condition for reward is to produce
one correct sequence) is significantly related to the capacity to
adjust later to a situation requiring more variability.

4. When adolescent and adult subjects are confronted with new
conditions for reinforcement (namely when three particular
sequences only are reinforced), results show that the subjects
who have been exposed before to a situation generating
stereotypy are able to modify their behavior so that they find the
solution. However, they also pro, ' - more incorrect sequences
and find the solution less q~:'fkly thaii those individuals who
have been previous1 , e y. .,sed to training of variability.

5. Whatever the age group being considered, there is no relation
between the behaviot cf an iridivi'ual in the task that has been
used here to measure variability on one hand and his performance
in the various cognitive tasks which have been used for
comparison on the other.

6. Performance in the matrix situation seems to be related to the type
of school curriculum but not to the level of studies nor to their
socioeconomic origin : subjects who have been trained in
so-called technical curricula are slightly less good performers than
those who have been submitted to curricula focussed on
humanities or social fields. However, this difference is only
founded for individuals who have not achieved higher
university type degrees.

1.4. CONCLUSIONS

To sum up, the experiments reported here suggest that our
approach to behavioral variability bears upon dimensions of
behavioral and cognitive processes that are not dealt with by other
approaches to the study of intelligence, problem solving, mobility of
though, fluidity, and the like which, at first sight, might seem
conceptually close to ours. No significant correlation has been found
between behavioral variability as assessed by our procedure and
relevant measures derived from procedures developed in some of
these other approaches. This does not mean that possible links
between various approaches are to be discarded, but it is a strong
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argument to proceed along the same lines. Data gathered so far are
admittedly not sufficient to validate and qualify the general theory
eschewed above (and further elaborated upon in the chapter 2.1).
they are, however, sufficient to encourage further investigation
within this framework.

Empirical results show that behavioral variability, as measured by
the specific procedure selected in our experiments, is a property of
behavior that can be modulated by various external factors, and that it
is, indeed, amenable to the control by its consequences. That is,
variability can be induced, or reduced, or increased, by changing the
outcomes for a subject of his/her exhibiting variability.

They also show that a subject's performance in such an open
situation is, to some extend, predictible from his/her way to react to
the initial conditions to which he/she has been exposed. But this
effect of initial exposure (a small scale bit of individual history) is
itself much variable from one individual to another. Interindividual
differences seem to concur with intraindividual variability to
maximize (or optimi.xe ? ) the range of variations as expressed in a
given population.

Contrary to the myth of the potentially creative infant (that we
would expect t.o exhibit a high degree of variability in our
procedures, as a high degree of mobility in some of the Piaget's type
tasks), behavioral variability increases as a function of age.

Finally, it must be emphasized, again in the limited context of
these experiments, that whatever part of the observed variability can
be accounted for by identifiable variables, an individual is likely to
exhibit a certain degree of variabilit) when there is no pay off for it.
This is comparable to this fraction of exploratory behavior preserved
in normal rats after they reach an asymptotic level of running time,
upon which they are by no means unable to improve.

Though experimenters are usually reluctant to venturing in
applications when empirical data are still scarce and obviously
demand extensions and replication, a few, admittedly speculative
remarks are in point as to practical applications. They are, after all,
much less speculative than popularized myths of inborn creativity and
of the deleterious action of any educational intervention on the
creative potential of humans.

It seems to us counterlogical to think of variability in terms of
traits or styles or types. If anything, it is a functional property of
cognitive and behavioral processes. As such, it can be influenced by
a number of perfectly identifiable variables, and, especially
important, it can be increased

If the role of variability is recognized as the common factor at
work from simple motor learning to problem solving and to the
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production of novel behavior, be it in unexpected life situations or in
artistic creation, there is no need to oppose the realm of routine,
automated, narrowly logical behavior to the realm of spontaneous,
imaginative, creative behavior; the domain of rationality and
teachability and the domain of unteachable, supposedly creative,
irrationality. That man will cope with change, as he wili be
confronted to it, who will preserve a range of variation, upon
accumulated highly trained skills. That man will produce novel
pieces of art or science or writing who will keep on exploring
potentialities with a background of expertise.

It is hoped that this overview will induce the reader to explore
further the theoretical arguments, and the implications of the present
approach for the conception of psychology at large, and of what is
has to offer to improve educational practices.

/6C
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CHAPTER 2

GENERAL THEORETICAL FRAMEWORK
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In this chapter, the experiments that will be reported later in this
report are placed in their theoretical perspective.

First, the case is made for variability as an essential aspect of
behavior, in the frame of a theoretical approach based on the
evolutionary analogy borrowed from biology. Their illustrative
studies in the field of problem solving and of animal and human
learning are reviewed, and the main experimental procedure used in
the present project is described. The importance of the
developmental approach, of the socio-cultural factors and of the
cognitive-style concept in relation with the specific purpose of this
project is discussed, and the experimental techniques selected to
include them in our analysis are briefly presented.

39
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2.1. LC JKING AT VARIABILITY IN ITS OWN RIGHT

Variability is not a key-word in the traditional lexicon of
psychology. It appears nowhere as chapter head in handbooks, and
rarely as index entry. Variability is not a psychological function,
nor does it refer to a particular context of real life in which
psychologists can show their expertise. As it is suggested to take the
concept here, it is a property of the material with which psychologists
are dealing. The word "material" is used as a neutral term, because a
crucial issue is whether variability is a more or less inevitable
property of the data available to psychologists as they exploit one of
their more or less adequate methods of inquiry, or whether it is an
intrinsic and possibly functionally adaptive property of the behaving
organism. The hypothesis underlying the present approach is that,
traditionally, psychologists have been looking at variability as an
undesirable property of their scientific data, resulting from the
imperfections of their methods and from the peculiar characteristics
of their subject matter, but that times are ripe for looking at variability
in its own right, i.e. as one important aspect of behaving organisms.

In a first part of this chapter, we shall comment briefly on some
of the reasons that, throughout the history of psychology, have
encouraged psychologists to deal with variability as something
undesirable. Then we shall point to some of the contexts of research
where psychologists have been confronted with the problem of
variability as a possibly intrinsic property. Finally, we shall suggest
links between these various areas of research, that have usually been
kept apart, and, at a larger level, links with theoretical and
epistemological issues that have emerged in other fields of science in
the past few years.

Before that, it is advisable to give our key word simple meaning,
leaving for later debate refined distinctions between different
meanings that can be given to the term variability. Variability
refers to the property of that which exhibits variations. Technically,
variability is assessed by means of probabilistic models, which
psychologists have been familiar with for many years.

Since psychology emerged as a science, variability has been
considered as an undesirable aspect of collected data, that should be
neutralized if it turns out that it cannot be avoided. This reflects the
psychologists' obsession to give their field as much scientific dignity
as possible. Physics (classical physics) was the model to imitate,
both in its elegant measurements and formulae and in its clarifying
analysis of causal relations, resulting in a world view in which
nothing is left to chance, and where reversibility is the rule, even for
those phenomena, such as movements and changes, which only to
our human eyes appear to be time-oriented. In such a framework,
variability appeared as noise, that any good experimenter should
work to get rid of. The epistemological reference to the hard science
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par excellence converged with the legitimate methodological
preoccupation for clean experiments : variability, obviously enough,
often reflects poor experimental control, and psychologists of the
past and of the present are certainly not to be blamed for their efforts
towards more rigourous experimental designs and manipulations.
But these efforts generally imply that variations are noisy
interferences masking lawful relations. If general laws are to be
drawn from experiments, variations are to be eliminated or
neutralized. This has been one of the major reasons for studying
groups, rather than individuals, in the psychological laboratory.
When, in some cases, experimenters think they can tolerate
variability on the ground that, for all practical purposes, it is not
worth spending time and energy in order to reduce it, they simply
adopt statistical definition of the events they want to measure, as in
sensory thresholds or reaction time experiments.

The concern for constancy and stability has indeed been pervasive
in most areas of psychology. For example, much energy has been
invested in demonstrating mental tests reliability. The stability
through time of the measure provided by the instruments has often
being implicitly transferred to the thing being measured, be it
intelligence or one of its components, and finally to the individual
himself. A deviation from perfect stability has been interpreted as
reflecting the imperfection of the instrument (which implies that the
subject is stable) or the imperfections of the subject (which implies
that he is not really normal). The confusion between statistical norm
and psychological norm has been a persistent problen in psychology,
as it is well-known; deviation from the central tendency (the word
deviation itself is loaded with connotations of normativity) has been
interpreted as deviation from psychological normality. Similar
efforts have been made, in personality research, at indentifying stable
personality characteristics and traits, altogether permanent throughout
an individual's lifetime and structually consistent at any given
moment. Various brands of typologies offer illustrations of that
trend.

By taking this stand, psychologists have simply shared with
many scientists and philosophers a certain view of the place of
chance in the universe. This view, as it is the case for most basic
ideas in scientific explanation, goes back to ancient thinkers, such as
Hippocrates for whom "chance, when you look closely at it, turns
out to be nothing. All what happens has a cause, which in turns has a
cause that produces it One cannot figure out that chance could exist
in nature : it is only a name ". In a modem version of this view,
chance is seen as "the measure of our ignorance" after Poincar.'s
word. It has of course, as already pointed to, been consolidated by
the very successes of classical physics in its quest for a description of
the world in which nothing would be left undetermined.
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However, there has been, for long, another way to think of
chance in nature. Following Aristotle, it contends that chance has its
place in its own right in explaining reality. Probabilistic accounts, or
randomness proper are not necessarily the disguise of our ignorances

they eventually reflect the nature of things proper.
The conflict between these two opposite views has dominated, as

is well known, the history of modem physics. In their recent book
Entre le Temps et l'Etemit6 (1988) - no less relevant to our issue than
their earlier work La Nouvelle Alliance (1979) - Prigogine and
Stengers show how Boltzmann, confronted with the problem of
irreversibility in thermodynamic systems, "forced to choose between
opening physics to temporality and remaining faithful to the
principles of dynamics the constraints of which he was
experiencing, made the choice of fidelity. To the dynamic (that is
integrating the concept of irreversibility -our comment)
interpretation of the second principle (of thermodynamics), he
subsituted a probabilistic interpretation". This interpretation
accounts for the irreversibility that we observe in terms of the crude,
"macroscopic" character of our observations : wer the observer
equipped with better tools, he would be in a position to follow each
individual molecule, rather than populations, and would describe a
reversible system, in conformity with traditional principles.
Boltzmann was forced to this interpretation counter to his own
intuition.

No wonder that psychologists, fascinated as they were by the
model of traditional physics, have been slow in facing the problem
of variability.

They have, however, been repeatedly confronted with phenomena
that could not be accounted for in the traditional way. Change of
behavior as the result of learning is a case in point, though this has
often been overlooked, as we shall see in a moment. The problem is
even more crucial, of course, when one comes to problem solving,
whenever new solutions must be found for an organism to adjust to a
new situation, or when one comes to that category of novel behavior
that we call creative. It has been faced also in the field of
developmental psychology, where the idea of mere unfolding of
prebuilt potentialities has been abandoned long ago, and in the field
of ethology, where instinctive behavior has been shown to exhibit a
much wider range of adaptability than had been thought before.

The study of exploratory behavior, of play in (satiated) animals
and humans has raised similar questions in another context. The
functions of play are manifold - including preliminary exercice of a
developing capacity, the maintaining of a certain level of activity even
when the environment is not very stimulating, the collect of
information that can be used later, etc... But many forms of
exploratory and play behavior seem to have one important ingredient
in common : the production of a range of behaviors that do not have
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an immediate adaptive value, but do certainly contribute to adaptation
in the long run.

Clinical psychologists, in their own field, were never very happy
with the traditional accounts of experimenters : individuals 'history
contain events, bifurcations, singularities that general laws do not
seem to explain very satisfactorily.

In spite of all these and other empirical situations, psychologists
have resisted to considering variability and variations as an intrinsic
property of their subject matter.

This is all the more surprizing since the key explanatory
concepts had been offered for some time by biology, in the
framework of evolutionary theory. A number of psychologists have,
of course, been aware of the possibility to approach their own
problems with that valuable tool. To quote only a few of the most
famous of those, an evolutionary account of learning or of
intelligence has been proposed in classical papers by Tolman (1925,
1932), Campbell (1974), etc . But it did not follow that research in
these areas d&veloped extensively, with emphasis on the study of
variati,- z is playing a central role in behavioral changes and
noveiti.

- shall discuss here at some length the case of Skinner and of
the part of the field of learning that is linked with his name (for a
more detailled discussion, however see Richelle, 1987).

In several of his recent theoretical papers, Skinner has explicitly
and repeatedly exposed his view of the learning process as involving
essentially the same sort of mechanism as biological evolution,
namely a combination of variation and selective pressure
(Skinner,1966, 1981, 1985). The latter is exerted in individual
learning by the action of the reinforcement, that Skirer defines as a
selective action. This view had already been expressed as early as
1953 in his book Science and human Behavior, and it was, indeed,
already in germ in his early thirties theoretical papers. This would
have suggested, at least from the mid fifties or so, to experimenters
in that particular field, - that revealed quite prosperous in those days
- systematic attention to the nature and the sources of variations, that
were assumed to provide the raw material upon which the selective
action of the reinforcer could operate.

According to this hypothesis, there should be, in individual
learning, some sources of variation equivalent to biological variations
due to mutagenic processes and to the recombination of genetic
material by sexual reproduction within populations. But the sources,
the nature and the role of behavioral variations were to be
documented if the evolutionary analogy was to gain some heuristic
and explanatory value at the level of ontogeny. Curiously enough,
with very few casual exceptions that went unnoticed, practically none
of Skinner's followers engaged in that sort of enquiry until the
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seminal paper by Jtaddon and Simmelhag (1971) and a few other
theoretical contributions about the same time (Segal, 1972). Still
then, much more attention continued to be devoted to the selective
action of the environment (under the concept of contingencies of
reinforcement familiar to operant conditioners) than to the sources of
variation; much more attention has been given to the study of steady
states - that is to say the maintenance of behavior acquired earlier -
than to the dynamic phase of learning, in which the role of behavioral
variations was more likely to appear. This has consolidated the idea,
that has eventually been adopted by many psychologists in other
fields as well as by the laymen, that conditioning is a process of
stereotyped repetition of simple motor behaviors, that it has little to
do with more complex adaptive behavior, and that it certainly has no
link whatsoever with problem solving, not to speak of creativity.
This has resulted in a most curious dissociation between the current
picture of a basic behavioral mechanism - and indeed the bunch of
empirical data accumulated in the laboratory - and the main theoretical
tenets, which, in Skinner's mind, offered unified treatment of
individually adapted behavior, from the apparently simple forms
observed in animals up to the most elaborate conducts of creative
humans (Skinner, 1970, 1971). As it were, only one half of the
learning process has been seriously explored during the fifty years or
so of research in the Skinnerian tradition.

The situation is, in some way, quite comparable to Boltzmann's
difficulty in going beyond the traditional paradigm, in spite of his
own intuition to the contrary. It is worth mentioning at this point, as
pointed out by Prigogine and Stengers, that Boltzmann's repressed
intuition had been essentially inspired by Darwinian thinking, - as
later Prigogine's approach itself, that led him to the discovery of
dissipative structures and to his recent reformulation of the place of
time in physics.

It is fair at this point to mention the existence of a few
experimental studies on the specific issue of behavioral variability in
learning processes. Some are closely linked with an interest, that
developed in the seventies, for the stream of behavior that takes place
besides the conditio-d responses that are being controlled and
recorded - an inte: mainly derived from the encounter with
ethology and with ;.-. species-specific constraints on learning
mechanims. Other experiments have been explicitly designed to study
variability of conditioned responses, - coming back to an early
Skinnerian concept defining the operant as a class of responses,
within which there is freedom to vary from intance to instance -.
Such experiments are aimed at describing conditions that favor or
restrict variability, and at exploring the possibility to use variability as
the critical dimension of behavior upon which the reinforcement will
be contingent. In other words, can variability be selected as an
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adaptive device ? These studies have a direct relation with the present
project and will be reviewed below in this chapter (see 2.2.2. 1.).

The heuristic value of the evolutionary analogy in psychology
has also been recognized by other major theorists, whose work has
shaped XXth century psychology. Lorenz has played a central role in
putting the study of animal behavior in evolutionary perspective, and
he has given, in his later works, extensive treatment to the concept of
variation in relation with individual learning mechanisms. The notion
of open vs closed programmes for learning opposes species
exhibiting high behavioral variabili,- , and consequently high capacity
for learning, as a consequence of having evolved in a changing
environment, and species that, to the contrary, Lb.xause they have
evolved in a homogeneous environment, are equipped with very
limited though very efficient behavior patterns, with little place for
flexible adjustment to unusual conditions. For instance, horses, or
jelly-fishes, which have evolved in a highly homogeneous
environment, have developed behaviors that are finely tuned and very
effective in that stable ecological niche. Rats, and humans have been
evolving in most various evironments in which individual styles of
adjustment are essential for survival.

Piaget has, of course, throughout his monumental work,
continuously resorted to evolutionary thinking. His search for
continuity from elementary forms of biological processes and the
most complex achievements of the human mind in logics and science
makes him probably the most biologically oriented psychologist in
our century. Richelle (1976) has argued elsewhere that, in spite of
important differences, Piaget and Skinner have in common some
basic views with respect to the evolutionay analogy and to the role of
variations (cf Piaget's concept of desequilibrium ) in the dynamics of
behavior. Though their experimental work can be criticized on the
basis of more carefully collected data, and though some aspects of
their theoretical formulation need revision in the light of recent
advances, it seems highly significant that, having started on so
different paths, they eventually leave us with very similar questions
opened for further research.

To these three major theoretical contributions, one could add a
number of possibly less ambitious or less prestigious, though no less
significant works. We shall not undertake to enumerate them all here.
Suffice it to give a few examples, already alluded to. The study of
exploratory behavior, including the pharmacological and the
neurophysiological aspects, has offered many confirmations of
intrinsic variability (see, among others, the work of Devenport). In a
completely different area, the case of differential psychology
deserves special attention. Differential psychology deals with
interindividual variations, contrary to various fields of research
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mentioned up to now, which ,:al with intraindividual variations,
as does also the present piece of research. But interindividual
variations are of no less interest in biological thinking than
intraindividual variations : variability within a population, that is
between individuals, is an essential factor in the dynamics of
evolution. In psychology, interindividual variations have been
looked at in exactly the same way as intraindividual variations. They
have been treated as unfortunate and uninteresting deviations from
the norm, or central tendency of a population, as divergences that go
counter the strict lawfulness of nature. Differential psychologists
have been keeping themselves busy at identifying the factors
accounting for these deviations, mainly because they cannot be
ignored for practical purposes - if people are different, you have to
take these differences into account when they are to be put in a school
or in a job - but these remain essentially minor violations to basic
similarity. And differential psychology has been seen as a minor
field, imposed, so to speak, by daily like practical constraints,
though with littlt bearing on a general and deep understanding of
behavior and mind. Significantly enough, differential psychology
had no place of it own in the well known handbook of experimental
psychology that was used as the reference work by French speaking
psychologists for the last 25 years (Fraisse and Piaget, 1963)- it was
devoted a full section of the comparable reference book in applied
psychology (Pitron, 1960).

No doubt that this peculiar status of differential psychology was
to some extent influenced by the popular ideology of equality of men.
Many psychologists failed to make the important distinction between
the ethical concept of equality and the empirical fact of diversity.
Psychological differences were looked at blemishes, with the
consequence that the productive aspect of variations were lost in the
process.

A change of perspective has emerged, however, in the last few
years. Some differential psychologists have turned to a radically
different view of their own field. Interindividual variations are
analysed as reflecting the richness of adaptative potential at the level
of a population. This approach has been applied to cognitive
development and problem-solving. Various strategies observed in
different individuals confronted with a problem situation are seen as
offering a range of alternatives, each of which have its heuristic
value, especially if the context of changes. The obsession for rank
ordering various strategies hierarchically is abandoned. (For an
example of this new approach to differential psychology, see
Lautrey, 1988).

To sum up, we see converging, from very different alleys, ideas
and facts that confirm the hypothesis that behaving organisms are to
some extent "generators of variability", because selection upon
variations is the general unifying mechanism at work in the
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production of novelty in the living world, be it at the level of
phylogeny, at the level of individual learning ( not to be conceived of
outside the species population anyhow) or, as has been suggested by
several schools of thought in cultural anthropology, at the level of
cultural history.

Before we focus on aspects of the issue more specifically relevant
to the present project, it is appropriate to broaden our scope for a
while, and to point to the fact that conc-' .- variability, and more
generally for a variation/selection accou: changes, is not limited
today to a few psychologists - in add.on to the professional
biologists traditionally working along Darwinian lines. A similar
trend can be observed in a nimber of other areas of research.

An evolutionary approach to the problem of science development
had already been adopted years ago by Popper (Qj 1 .cjive
Knowledge, An evolutionary approach, 1972).

In his introduction to the French edition (1978) of The Ig"LQf
Scientific Discovery, Jacques Monod rightly pointed out :
"Conjecture and refutation play in the development of knowledge the
same logical role (as sources of information) as mutation and
selection, respectively, in the evolution of the living world. And if
natural selection has, in the living world, been able to build the
mammals' eye or the brain of Homo sapiens, why would selection of
ideas not have been able, in its own realm, to build the Darwinian
theory or Einstein's theory ?"

Especially relevant to our argument is Popper's characterization of
the growth of knowledge as a special case of learning : "The growth
of knowledge - or the learning process (italic ours) - is not a
repetitive or a cumulative process but one of error - elimination. It is
Darwinian selection, rather than Lamarckian instruction".(Objective
knl_ edg, p. 144) "All this may be expressed by saying that the
growth of our knowledge is the result of a process closely
ressembling what Darwin called "Natural selection"; that is the
natural selection of hypotheses : our knowledge consists, at every
moment, of those hypotheses which have shown their (comparative)
fitness by surviving so far in their struggle for existence; a
comparative struggle which eliminates those hypotheses which are
unfit". (Ibid, p. 261).

Popper goes on by framing this view of the evolution of scientific
knowledge in the general view of the development of knowledge - or
learning - in living systems : "This interpretation may be applied to
animal knowledge, pre-scientific knowledge, and to scientific
knowledge." He further insists on the status of the analogy : "This
statement of the situation is meant to describe how knowledge really
grows. It is not meant metaphorically, though of course it makes use
of metaphores... From the amoeba to Einstein, the growth of
knowledge is always the same...." ( Ibid, p. 261)
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In a field quite close to psychology, neurobiology, major recent
theoretical advances are centered on similar concepts. After
Changeux 's theorv of "selective stabilisation", that unfortunately
missed a real ,, ounter with current relevant research in
psychology, the recent book by Edelman (1987) Neu-ai Darwinism.
The theory of neuronal group selection, will certainly appear as a
decisive breakthrough, as well as a unique source of inspiration for
psychologists involved in research on variability. This book would
deserve a thorough discussion, that would extent far 5eyond our
present concern here, not only as to its tcntral propositions for
neuronal mechanisms underlying learning, but also as to its general
questioning of the current information processing paradigm. that
dominates today cognitive psychology, and, as many psychologists
believe, psychology at large. We shall only make two short
quotations from Edeln.an's conclusion chap er, that perfectly fit in
the general scheme of this theoretical introduction.

"It is important, for example, to distinguish between
evolutionarily determined behavioral responses and those dependent
upon individual ,, ariation in somatic time within a species. In somatic
time, the first view implies instruction - information from the
environment fundamentally determines the order of functional
connectivity (although not necessarily that of physical connectivity)
in 6;e nervous system. The second alternative is selection - groups in
preexisting neuronal repertoires that form populations determined by
phylogeny and ontogenetic generators of diversity are selected by
stimuli to yield highly individual response patteraas."

Edelman proposes a neuronal theory that integrates the
developmental dimension and tne requirements assigned by the study
of behavior both in ethology and in experimental studies of learning
mechanisms (the synthesis suggested above between Piaget, Skinner
and Lorenz), and, though resisting the temptaticn to venture into
generalizations to cultural evolution, he envisions the reconciling
between the lawfulness of nature and the individual creation of
novelty :

"If extension to such issues finally turned out to be feasible,
then it would not be surprising if, to some extent, every perception
were considered to be an act of creation and every memory an act of
imagination. The individualistic flavor and the extraordinary richnc;s
of selective repertoires suggest that, in each brain, epigenetic
elements play major and unpredictable roles. Categorical genetic
determinism has no place in such systems; neither has instructionist
empiricism. Instead, genetic and developmental factors interact to
yield systems of remarkable complexity capable of an equally
remarkable "4egee of freedom. The constraints placed on this
freedom by chronology and by the limits of repertoires, while
definite, do not seem as impressive as the unending ability of somatic
selective systems such as the brain to confront novelty, to generalize
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upon it, and to adapt in unforeseen fashions."

Finally, we should draw attention to the challenges faced by
psychologists in the field of A.I. The main ambition for the near
future is to build, if this eventually reveals possible at all, machines
endowed with a capacity for learning from their previous behavior,
not only in terms of increased memory storage, but of improved
adaptation to unexpected problems, and, one step farther, creative
machines There are some hints that adequate models to produce such
"automata" (maybe the word is inappropriate to name a novelty
producing device) will imply some variability generating system, and
will be designed after the evolutionary analogy, that will have proven
successful to account for changes and tie emergence of new forms at
all level of the living world, and to inspire man-made artifical man-
like robbots.

2.2. BEHAVIORAL VARIABILITY IN PROBLEM-SOLVING AND
LEARNING PROCESSES

In this chapter, selected studies in the field of problem-solving,
and in the field of learning will be reviewed within the general
theoretical framework outlined in the preceding section. Other
domains mentioned and briefly discussed in the preeceding section
will be left out, because, though theoretically no less important, they
are less relevant to the research that will be reported in the next
chapters.

2.2.1. BEHAVIORAL VARIABILITY, PROBLEM-SOLVING AND
CREATJVIT'Y - A SELECTED REVIEW

Problem-solving is a major topic in research on human
intelligence. Studies of problem-solving have developed in various
directions, using various methods adapted to various levels of
complexity, but the phenomena addressed to share basic common
traits. A problem is always a situation that is novel, in some respect,
for the subject, so that he does not have in his repertoire the particular
behavior at hand, that would provide the solution. Experiments on
problem-solving, however, have often emphasized problems
designed after problems already familiar to the subjects and/or having
only one solution. They also, quite often, focus on the solution
proposed rather than on the ways used by subjects to find it out.
Studies of that kind are not relevant to our concern.

Some researchers, however, have been more specifically
interested in observing how subjects perform in very unusual
situations and in the successive steps they take towards a solution.
To that end, they have designed situations, typically characterized by
their novelty, providing for observation of procedures used by the
subject, and allowing for several (equivalent or non equivalent)
solutions. Some of these studies are reviewed hereafter.
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In a first type of situations, subjects (usually human adults) are
faced with a complex goal : they have to solve a practical problem by
using one or several common objects, which have a specific function
in daily life, in a novel, totally unusual way.

The "candle" problem designed by Duncker (1945) is a classical
example. Subjects are instructed to mount a candle on a wall.
Available to them are cardboard match and thumbtack boxes, matches
and thumbtacks. The problem can be solved by tacking an emptied
box to the wall and placing the candle in or on it.

The "two ropes problem" of Maier (1930) is an other example of
the same type. In this problem, two ropes are attached to the ceiling
and subjects are instructed to join the two ropes. However, the
spacing between the two ropes does not enable the subject to seize
one rope while holding the other. The problem can be solved by
giving an oscillatory movement to one of the two ropes. Different
objects are available (such as electric relays) that can be used as
weight to transform the rope in a "pendulum". Such situations seem
appropriate to investigate what has been called the "functional fixity"
of subjects, who stick at the usual way to look at objects and,
consequently, are prevented from finding out a solution.

A main result of these studies is that it is possible to increase or to
decrease the subjects' difficulties in solving the problems by
manipulating the functional value of objects. For example, in the
"candle problem", the fact to present the box full of thumbtacks,
rather than empty, increases the subjects' difficulty in using the box
as a support for the candle (Adamson, 1952) (this effect is still
increased when a high motivation level is induced in the subject
(Glucksberg, 1962). In the "two ropes problem", if subjects are first
invited to use an object in its usual way (f.i. the electric relay to
complete an electric circuit), they experience more difficulties in
using it later for a different function (as the weight of the pendulum)
(Adamson and Taylor, 1954).

On the contrary, if subjects are first trained to consider unusual
utilizations of available objects, their performance improves.

The global effect of several types of incentives (e.g. : "be active"
(Adamson, 1952)) or hints (e.g. : the experimenter guides the subject
to the solution by insisting on some elements (Ma'er, 1931)) has also
been analysed.

The exploitation of such situations is, however, limited by the fact
that few subjects find the solution. Moreover, evaluation of
performances is complex and the analysis of all variables involved is,
as one might say, impossible (subjects can only be compared with
regard to the number of trials and to the time necessary to reach the
goal, two measures which leave out most relevant informations as to
their strategies).
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Another type of problems provides for systematic study of the
subjects' capacity to change their method during the course of the
experiment. Some of these problems are less complex that those
described above and can be proposed to children as well. Here, the
work of Luchins (1942) is a classic reference. He showed his
subjects (adults and children) several printed mazes (see example
below) and asked them to find the correct itinerary and to map it out
with a pencil. In these successive mazes, the correct itinerary was
always the same; it was called "training itinerary" : T (to turn to the
right just after the entry and next to go a long way round before
reaching the goal). Then, he proposed a maze with a similar aspect
but in which a second itinerary is possible that direz-tly connects the
entry to the goal. This last one was called "direct itinerary" : D.

In all age groups, the great majority of subjects continued to
follow the indirect itinerary (T). Luchins called this phenomenon
"psychical blindness". A similar concept, "mental rigidity", was
proposed by Oleron (1955). The effects of several variables
(environmental, cognitive and motivational) on this phenomenon
have been analysed. Cowen (1952) showed that "psychical
blindness" is increased in a stress situation. The effect of "psychical
blindness" has been confirmed with mathematical problem-solving
("jar-problems", Luchins, 1942), the discovery of words hidden in
sets of letters (Luchins, 1942; Maltzman, Fox and Morrisett, 1953),
or the change of the orientation in block design tasks (Botson and
Delitge, 1976).

However, as already noted by Luchins himself, it must be
emphasized that, in all age groups, some subjects are not affected by
the "psychical blindness" effect.
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Relevant to this last point, observations by Kaufmann (1979)
using a modified version of the Luchins' jar-problems, showed that
some subjects spontaneously change their method of solution. On
the contrary, other subjects always use the same method, even if
easier methods are possible. Kaufmann suggested that these two
types of subjects can be characterized by two different cognitive
styles : respectively, the "Explorer" and the "Assimilator" styles.
Kaufmann's study is original in that it takes into account the
spontaneous behavior exhibited by the subjects, no particular
solution being induced. Though the type of problems designed by
Luchins provide clear-cut results, in terms of global performance,
and of effects of some variables, they do not give much informations
as to the processes involved.

Harlow's concept of "learning set" (Harlow, 1949) is, obviously,
close to the issues discussed above. Harlow explicitly asked the
question : "What are the types of learning which induce a more or
less rigid attitude in the adaptation to a new situation ?" The tasks he
used were simple discrimination tasks and the experimental
conditions were well controlled. In Harlow's experiment, subjects -
children and monkeys - were submitted to series of visual
discrimination problems. Successive pairs of objects were presented
and the subject was to choose one of the objects according to a
particular characteristic that would be changed from one series to
another. In the last series, subjects were able to produced a correct
response after only one trial.

Subjects had been developing a learning et, after Harlow's
words, they had been learning to learn so that they would be able,
progressively, to arrive at an immediate solution to new problems
(new, though of a typically similar structure). What is enhanced by
developing learning sets is the general capacity to adapt to new
problems.

A number of experiments based on the learning set concept have
explored the conditions favouring flexibility (Buss, 1953; Harlow,
1949; Schroder and Rotter, 1952). As a rule, they show that
multiple learning (e.g., involving in each successive series, a
different modality of a same criterion or a change of criterion from
one series to the next) increases flexibility. The role of reinforcement
has also been investigated. Buss (1952, 1953) has found that
continuous reinforcement in a learning set procedure increases the
rigidity in the test-problems and, conversely, that intermittent
reinforcement increases flexibility.

These studies on "learning sets" involve very simple learning
which do not seem to have a direct relation with the usual
problem-solving situations. Their merit, however, has been to
approach the problem of behavioral flexibility in a simple rigorously
controlled situation, providing for easy measurement of crucial
variables. In that respect, experiments carried out after Harlow's
model meet the requirements made explicit by several authors
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(Oleron, 1955; Richelle and Botson, 1974), stating that notions such
as rigidity or flexibility will take a precise meaning, only when they
will refer to objectively measured behaviors. Using simple behaviors
in easily controlled conditions is "one of the best ways to prevent the
notion of rigidity from being lost in abstractness and remain close to
metaphysical concepts" (Oleron, 1955, p. 89).

In the field of creativity, various studies have been carried out
with the goal of increasing the subjects' capacity to vary their
behaviors in an original way. Some of these studies have shown that
it is possible to build upon the spontaneous variability of an
individual in order to enrich his behavioral repertoire. A most typical
experiment has been done by Pryor, Haag and O'Reilly (1969) on
sea purpoises. They succeeded in training these animals to emit
increasingly variable behaviors by reinforcing new behaviors as they
were emitted. "New" was defined, in that case, by reference to the
set of behaviors previously produced in the session. Subjects
eventually produced motor behaviors that had not been observed yet
in the species, though described in neighbour species. Botson and
Delitge (1976) have used a similar procedure with very young
children and have obtained similar results. However, they have met
the same difficulties as Pryor et al : the multiplicity of behaviors
makes the situation so complex that the observers' memory span
cannot keep up with the subjects' variability; and identify novel
behaviors to be reinforced.

Goetz and Baer (1973) have avoided this problem by requesting 4
year-old children to build any structure with wooden blocks. They
systematically reinforced any new block design; children did indeed
produce a wide range of new arrangments. They also observed that
this type of learning may be transfered to very similar tasks but not to
different ones (e.g., the reinforcement of new forms of painting has
no effect on the production of new forms of building : Holman,
Goetz and Baer, 1977).

Richelle and Botson (1974) choose to consider flexibility in a
functional perspective of problems solving and to avoid the
development of flexibility only for itself, on the ground that an
increase in behavioral flexibility out of context and without a goal
would be void of meaning, and of no help to people when faced with
unexpected problems. In a series of experiments, they trained 5
year-old children to solve practical problems by using materials in
unusual ways, by destructuring and recombining objects and pieces F
of objects. That training induced flexibility of behaviors that was not
observed among subjects of a control group. Furthermore, this
capacity can be transfered to somewhat different tasks used as
post-tests. The procedure was inspired by the progressive and
errorless approach to training that is often viewed as appropriate only
in those motor training involving high risks (like car-driving or
aircraft piloting). The situation was organized in such a way as to
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first let the subjects produce a succession of small and simple
behavioral units from his familiar repertoire. Then, difficulties were
progressively increased. The experimenters arranged the
contingencies so that each successive behavior would be adequate
and therefore reinforced by approval. This refined procedure has
various advantages : it makes it possible to identify difficulties linked
to behavioral modifications during learning and difficulties related to
the transfer to different situations.

Botson and Delitge (1976) have attempted to describe more
precisely the main processes involved in the sort of training proposed
by Richelle and Botson and to identify those behavioral changes that
seem crucial in solving the problems to which subjects were
confronted. They have systematically analysed two types of
behaviors : (1) classification behaviors : the subject is asked to
organize a set of elements (objects displayed before him/her) in any
way he/she wishes to do. After his/her first arrangment, he/she is
asked to carry out another classification and so on ("cognitive
change"); (2) "handling" behaviors : the subject has to change the
orientation of similar wooden blocks in order to embed them in holes
of different shapes ("handling change"). These two types of
behavior change can be seen as different types of elementary
"changes", which are necessary if a large number of different
solutions to a given problem are to be discovered. Botson and
Delige have studied the evolution of these two "elementary aptitudes
for change" as a function of age, from the age of 4 years to 12 years.
Results have shown that the evolution is parallel for the two types of
"change" : performances, as well as the capacity to make use of hints
given by the experimenter, improve as a function of age. There is
also an increase in the perseverance in searching for the solution to a
problem.

We shall not describe in further details the numerous experiments
reported by Richelle and Botson (1974), Botson and Deli~ge (1976)
and Delicge et al. (1982). Suffice it to capture their main
conclusions, that are relevant to our purpose. What they have
observed does not support a common opinion according to which
behavioral flexibility, variability or creativity - however one likes to
name it - is decreasing as a child grows older. On the contrary, such
capacity seems to be the results of a slow constructon. Initially, the
child would tend to repeat the same type of solution (stereotypy or
perseveration) and would only progressively change his behaviors
when it does not work. Their results also showed that subjects can
be trained to change their behavior or their "attitude" if appropriate
procedures are put to work. These procedures may, paradoxically,
be highly structured and controlled. For instance, in one of these
experiments, subjects were presented with a wide variety of objects
on which they would apply one type of action, say pull or pu.
Objects were initially of a kind that normally induces that particular
action -say press-buttons for push -, but progressively they were of a
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kind to which Rushing does not usually apply. Experiencing many
situations of this type, subjects would eventually exhibit a quite
generalized tendency to act in unusual ways, in order to solve a given
problem. They have, in some way, developed a "learning set" of a
particular kind.

These studies offer a good, though simple illustration of the
continuity assumed to exist between creative behaviors and other
more elementary forms of behavioral changes.

If this continuity hypothesis holds, it should be possible to look at
apparently most simple forms of learning as involving basically the
same kind of process as creative behavior displayed in art, literature
or science, or, at a more modest level, in efficient solving of unusual
problems that can be encountered in daily life.

In the next section, some studies on variability in the context of
simple learning - namely operant conditioning in standard situations -
will be reviewed along the lines followed in the preceding section.

2.2.2. BEHAVIORAL VARIABILITY AND OPERANT CONDITIONING

2.2.2.1. A selected review

Studies to be reviewed here concern humans as well as animals.
(More details on animal studies, however, can be found in Boulanger
et al. (1987)). They are organized around two main axes:

(1) the influence of various factors on spontaneous variability of
the operant response.

Spontaneous variability refers here to variations that are exhibited
in some dimensions of a given response (f.i. its duration, its
location, its strength, its structure, and so on) in spite of the fact that
such variations are not required, that is, they are not a condition for
reinforcement;

(2) the effect of selectively reinforcing the variability of the
operant response.

Here, variability is assumed to be a property of behavior
amenable to the selective action of the consequences. As responses
of a given duration or location can be shaped by reinforcing these
properties selectively, so responses characterized by their variability
can be rewarded in such way as to maintain or increase variability.

Operant responses are either simple responses or complex
responses, i.e. sequences of simple responses. These complex
responses bring us closer to situations classically described as
problem-solving tasks.
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2.2.2.1. 1. Spontaneous variability

2.2.2.1.1.1. Simple operant responses

Antonitis (1951) is to be credited for one of the earliest studies on
the variability of operant responses. In his experiment, location was
the critical dimension of the response, the variations of which were
under scrutiny. The rat was to put its nose at any place along a
horizontal split 50 cm long. No particular location was required for
the response to be reinforced. When rats were exposed to a
continuous reinforcement schedule (CRF), in which each response is
followed by a food reward, variability of response location
progressively decreased. The variability increased in extinction or in
intermittent reinforcement schedules. Eckerman and Lanson (1969)
have confirmed Antonitis' results in a similar procedure with
pigeons. Since then, the same effects have been observed on other
dimensions of the response like its duration (Crow, 1978; Lachter
and Gorey, 1982; Millenson, Hurwitz and Nixon, 1961), its
intensity (Notterman, 1959), its latency (Stebbins, 1962) and its
amplitude - measured by the displacement of a lever - (Herrick,
1963, 1964, 1965; Herrick and Bromberger, 1965).

As a rule, when the criterion defining the operant class does not
put much constraint on the range of variations, initial variability (i.e.
the whole range of authorized variations is used) eventually gives
place to stabilization around a preferred value. This increased
stereotypy under exposure to continuous reinforcement, reflects the
control by the reinforcement and can be explained by the law of least
effort (Herrick and Bromberger, 1965), or in terms of optimalization
of behavior (e.g., Notterman, 1959; Staddon, 1980).

Several authors have observed an increase in variability in
intermittent reinforcement schedules (following exposure to
continuous reinforcement) (Eckerman and Lanson, 1969; Ferraro and
Branch, 1968; Herrick and Bromberger, 1965; Lachter and Gorey,
1982; Millenson and Hurwitz, 1961; Tremont, 1984). However,
contradictory results suggest that various factors, besides
intermittence of reir.orcement proper, can influence response
variability in suc" schedules (Boren, Moersbaecher and Whyte,
1978; Herrnstein, 1961; Millenson, Hurwitz and Nixon, 1961). In
some cases, other behaviors interact with operant responses and can
modify the expression of its variability. This "behavioral context"
effect seems to be related to the particular dimension of the response
being considered (e.g., the strength of the response is less influenced
than inter-responses intervals). Intermittent reinforcement schedules
involving a temporal component, such as Fixed Interval schedules
induce an increase in variability. Results obtained with so-called
ratio schedules (in which a fixed or an average number of responses
are required for reinforcement), are inconsistent.
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In children, using a device with several responses available, Mc
Cray and Harper (1962) have obtained a decrease of the variability of
the response location in continuous reinforcement and an increase
under intermittent reinforcement schedules and under extinction.

2.2.2.1.1.2. Complex responses

Situations were the reward is contingent upon correct sequences
of simple motor responses, come closer to what is classically
described as problem- solving tasks.

Vogel and Annau (1973) have elaborated such a task for pigeons.
The device includes a 4 x 4 light bulbs matrix, two response keys
and a grain dispenser. The procedure is a discrete trial procedore. At
the start of the trial, the upper-left bulb is lit. The trial is completed
when the bottom right bulb is on. Only one bulb is on at a time. The
way to complete a trial is to switch the light step by step, downward
and rightward, by operating the two response keys, a key A response
producing a move one step to the right and a key B response one
step, downward. Three responses on each key, in any order, are
enough to complete a correct, reinforced trial. Any extra (4th)
response on one key (moving the light virtually out of the matrix)
stops the trial. There are 20 equally correct ways, and 30 possible
incorrect (ending with a 4th response on one of the keys) sequences.

The same task has been used by Perikel (1982) with rats. It has
been used by Schwartz (1980, 1981a) with pigeons in a slightly
modified form (5 x 5 light bulbs matrix instead of 4 x 4). In each
case, a high decrease of sequences variability with emergence of a
dominant sequence (which appears in the majority of trials) is
observed when all correct trials are reinforced. The sequences
variability increases under extinction, except in pigeons which have
received an intensive training prior to extinction (50 sessions of 50
trials instead of 20 sessions) (Schwartz, 1980, 1981a).

These results suggest that the learned patterns of responses
become functionallly integrated. That is, the complex sequence
becomes a behavior unit in itself, rather than a combination of
independent simple response units; and it is little influenced by
environmental changes.

Data from other experiments support this hypothesis:

- interrupting the training sessions for 60 days does not influence
the performance or the variability of the sequences when the pigeons
are replaced in the training situation (Schwartz and Reilly, 1985).

- for pretrained pigeons, a modification of the light cues
("light-off' mat-.x or random displacement of visual cues) only
temporarily alters the performance, and the dominant sequence,
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developed during pretraining, rapidly reappears (Schw.rz, 198 1 b);

- pretrained pigeons placed in a Fixed Interval Schedule (Fi) or in
a Fixed Ratio Schedule (FR) do not increase the variability of their
sequences (Schwartz, 1982b). These schedules only modify the
latency (i.e., time between the beginning of a trial and the first peck
of the sequence). They have no effect on the time separating pecks
within the sequence.

- if one considers the sequences as individual responses, the
behaviors of pretrained pigeons which are submitted to multiple or
concurrent schedules of reinforcement, are similar to those observed
in studies on simple respon.es (Schwartz, 1986).

At first sight, these results seem to confirm that a sequence is not
really a complex sequence composed of independent pecks, but that it
forms an organized unit.

Parallel experiments have been carried out with human adults.
Using a 5 x 5 matrix, Schwartz (1982c) has shown that human
subjects also adopt a stereotyped behavior when they are reinforced
for 50 % of their correct sequences and that the variability of their
sequences increases in extinction. If only one subclass of all
possible sequences is reinforced, subjects develop stereotyped
sequences that belong to that subclass. Moreover, Schwartz has
noted that after a pretraining, subjects have difficulties to abstract the
functioning rule (all combinations of 4 pushes on each
response-button are correct) and that they express themselves in
terms of light displacements (road to follow). Boulanger (1983),
using a 4 x 4 matrix, has also observed an increase of sequence
stereotypy when each correct sequence is reinforced. Pretrained
subjects who are presented with a "light-off' matrix, are only
temporarily disturbed and they rapidly adopt a dominant sequence.
In this situation, subjects tend to use mental representations
reproducing the "ways" followed by the visual cues when they were
available.

These data suggest that, for human subjects as for animals,
reinforcement seems to generate stereotyped, functional behavioral
units. However, data from other studies show that reinforcement
does not inevitably produce stereotypy. For instance, when naive
subjects are instructed to discover the rule that determines whether
their sequences will be reinforced, they do not develop stereotyped
sequences, despite the fact that they are reinforced for each correct
sequence (Schwartz, 1982c).

For Wong and Peacock (1986), the development of stereotypy
can be attributed to the differential reinforcement of efficiency. Their
experiments with human adults support this hypothesis. They have
shown that the response sequences become more stereotyped when
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subjects have to produce a high physical effort (for one group, the
response-buttons are located close together, in the other group, they
are more spaced - high effort condition -); when they are rewarded
with money for each correct sequence; when a sequence must be
completed within a short time-limit to be reinforced (high temporal
constraint); or when they are required to perform a concurrent mental
task. To use a video display instead of a light bulbs matrix, increases
the subjects' motivation, arouses exploratory behaviors and reduces
stereotypy.

Contrary to Schwartz, Wong and Peacock have observed that the
stereotypy does not interfere with abstracting the rule their subjects
are able to verbalize the necessary condition for reinforcement
regardless of their level of stereotypy during training. When
stereotyped subjects are asked why they did not use several
sequences, they often declare that they did not want to risk losing a
reinforcement (point or money). The authors have concluded that,
for human subjects, stereotypy is not the inevitable result of
reinforcement and that differential reinforcement of efficiency seems
to play an important role in the functional development of stereotypy
(subjects adopt behavior that enable them to obtain a maximum of
reinforcement with a minimum of risks and efforts).

2.2.2.1.2. Operant variability

Studies reviewed in the preceding section show that response
variability changes as a function of various factors characterizing the
task performed. It can then be asked, and this is an important step
further, whether behavioral variability itself is amenable to control by
its consequences, as any other dimensions of behavior - such as the
force, the duration, the location, etc of a response - , or, in other
words, whether selection by reinforcement can operate on variability
itself.

2.2.2.1.2.1. Simple operant responses

The few studies in which conditioning the variability of simple
responses has been attempted have been carried out on animal
subjects.

Schoenfeld, Harris and Farmer (1966) were the firsts to have
explicitly conditioned behavioral variations. They reinforced the
lever pressing- responses of rats only if the inter-responses intervals
belonged to a class which differed from that of the immediately
preceding inter-responses interval. For instance, if a lever press
concluded one inter-response interval of 5 sec, it was reinforced if
the preceding inter-response interval had been longer or shorter by at
least I sec - if I sec was the class resolution in recording
inter-responses intervals. Blough (1966) also succeeded in
increasing the variability of the inter-responses intervals in pigeons.
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Bryant and Church (1974) have conditioned ra s to r--',mly
press on two levers, and Pryor, Haag and O'ReilIU, k1969) have, in
an already mentioned study, succeeded in training sea purpoises to
produce motor behaviors that were novel for the species (variability
of the response topography).

Though there are only very few of them, th'. - modies show that
behavioral variability can indeed be controlled by its consequences.

2.2.2.1.2.2. Com-plex responses

- Animal studies:

Schwartz (1980, 1982a) - with the Visual Matrix task (5 x 5
matrix) - has submitted pigeons to a peculiar experimental condition,
in which reward was obtained for a correct sequence of responses if
it differed from the just previous one. The pigeons - naive or
pre-trained - developped a sequence which became dominant, in spite
of this variability contingency and in spite of the very small number
of reinforcements that they obtained (about 40 % of the available
reinforcements).

Page and Neuringer (1985), in a critical analysis of Schwartz's
results, made the hypothesis that the constraints upon the response,
as defined by Schwartz (4 pecks on each key), could account for his
failure to condition variability. These authors have removed both this
constraint and the matrix of light cues, and they have trained pigeons
to emit sequences of 8 responses on the 2 keys. In this situation, the
pigeons obtained more that 70 % of the available reinforcements,
even if they were to produce sequences different from the 50
previous ones.

By controlling for the intermittence of reinforcement effect,
using a Yoked Control Design (reinforcements are delivered
according to the same temporal pattern as in the previous session, but
they are no more contingent upon the sequences variability), Page
and Neuringer have shown that the observed variability is not a
spontaneous variability modulated by the intermittence of the
reinforcement, but that it is really a function fo the peculiar
contingencies that made reinforcement contingent upon response
variability.

While sequences of responses emitted by Schwartz's pigeons
appeared to be, functionally, integrated and indivisible units, Page
and Neuringer's pigeons distributed their responses almost
randomly. The differences observed, in this respect, between the
two experiments, could be accounted for almost completely by
analysing the behavior during the training-sessions preceding
exposure to the variability contingencies. During these sessions, the
pigeons in Schwartz's experiment had to produce 4 pecks on each
key, but with no requirement for variability. On the contrary, the
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pigeons of Page and Neuringer were directly placed in a situation
where any sequence of responses was reinforced if it differed from
the previous ones.

With an adequate pretraining, Boulanger (1986) has succeeded
in conditioning pigeons to vary their sequences of responses, in a
situation similar to the one used by Schwartz (4 x 4 matrix). During
the pretraining, he had established a responses repertoire
characterized by different "minimal" units that could then be
combined to solve the Lask in various ways.

- Human studies:

Replicating on humans his pigeon experiments, Schwartz
(1982c) has attempted to condition the variability of sequences of
responses (5 x 5 matrix), by reinforcing the sequences that differ
from the 2 previous ones. Unlike pigeons, human adults can master
this reinforcement contingency, but they develop higher-order
behavioral units that contain just enough variability, from
trial-to-trial, to guarantee reinforcement : they use a set of stereotyped
sequences, which appear in a regular order.

When these pretrained subjects were placed in a situation
requiring greater variability (all sequences must be different from
each other in a session of 50 trials), the higher-order units broke
down and subjects adopted a more variable behavior, though not
enough to produce an optimal performance. On the contrary, when
naive subjects were placed in the latter situation (maximal variability),
they had no difficulty in developing strategies leading to a nearly
perfect performance.

These results have led Schwartz to conlude that "... although
contingent reinforcement may not inevitably produce stereotypy, a
history of reinforcement seems to interfere with the development of a
general strategy necessary for success with a complex task".
(Schwartz, 1982c, p.41). The "pretrained or preexposed" subjects
would diffei from naive ones in their approaching the task less
actively (the higher-order units previously created were sufficiently
simple to be accurately produced without monitoring) and it could be
that this "passivity" interfered with their -erformance.

However, other data obtained in similar experiments do not
support these conclusions. Wong and Peacock (1986) have
submitted pretrained subjects to the condition of maximal variability
(all the sequences must be different in a session of 50 trials). Their
subjects were able to abandon their dominant sequence and to
successfully perform the task as fast as naive subjects did. By
controlling the level of stereotypy reached by the subjects during the
pretraining sessions (for ont. "oup, they have increased the level of
stereotypy, by introducing task char- :ceristics that demand
efficiency), Wong and Peacock have shown that the subjects'

6,
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adaptation to the variability contingency is independent of their initial
level of stereotypy.

These results have led the authors to modify - at least for human
adults - the conclusion of Schwartz concerning the negative effect of
the history of reinforcement : '"These findings suggest that behavioral
units may not be rigid suuctures that are emitted in an automatic and
invariant manner regardless of changes in reinforcement contingency.
In other words, stereotypy does not become counterproductive when
the contingency is changed" (Wong and Peacock, 1986, p. 157).

2.2.2.2. Selecting the main experimental procedure: the "MATRIX" or Visual Maze.

The essential aims of the experiments was to explore how
individuals solve problems in situations in which several solutions
are possible, how they modify their solution when the situation is
changing and whether they can be trained to produce various
solutions. The procedure selected was to provide a measure of
behavioral variability. A modified version of the Visual Matrix task
was used. It has been borrowed from the procedure originally
designed by Vogel and Annau (1973) in their study on animal
subjects. In order to motivate the subjects and to maintain their
attention long enough, the initial material has been changed to an
animated cartoon style presentation on video screen to present the
task like a play. This modification was necessary in order to obtain
satisfactory data both qualitatively and quantitatively. This procedure
could legitimately be called a Visual Maze as well. It presented the
desirable properties just mentioned.

In addition, it had the following advantages:

- It can be used with subjects of different ages without
modification. Therefore, all the subjects were faced with a strictly
identical problem. Differences eventually observed between subjects
could not be due to the presentation or to the content of the task.

- It is a non-verbal task : biases tied to the subjects' verbal
capacities can be avoided as well as biases involved in the analysis of
verbal data. It can be used with animal, allowing for cross-species
comparisons, and inq iry into the specificities of human behavior in
such situations.

- It allowed analysis of the evolution of subjects' behaviors when
they adapted to modifications of situations, providing a dynamical
approach (as opposed to traditional tasks used in problem-solving
test).

- Finally, all the steps of the experimental procedure and data
recording can be implemented on microcomputer, providing on-line
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control of the experiment and refined statistical treatment of data.

In brief, the selected task seemed an appropriate one to analyse
the evolution of problem-solving behaviors as a function of
modifications of the situation with the garantee of a high
methodological rigour and of efficient data coillecting and treatment.

2.3. THE DEVELOPMENTAL APPROACH

2.3.1. THEORETICAL BACKGROUND

Examining all the studies on behavioral variability using operant
behavior procedures, one is struck by the lack of works adopting
developmental perspective. There are none among animal studies.
With human subjects, there are only two unpublished studies by
Boulanger (1983) and by El Ahmadi (1982). They have shown that
behavioral variability increases as a function of age (however, only 2
age groups were taken into account and these studies cannot really be
considered as truly developmental).

We contend that the developmental analysis is not only of interest
for those who study growing organisms for themselves, but that it is
a means to understand adults' behavior. The developmental
approach is assumed to be helpful in identifying more accurately
crucial variables at work in behavioral variability and in accounting
for the strategies that are used by adults when confronted with
multiple-solutions problems. It should provide us with informations
about the relations between behavioral variability, performance in
problem-solving and the possibility to increase behavioral variability
on one hand, and about the characteristics of the environment which
are taken into account by subjects when solving problems on the
other.

The developmental approach is also important in clarifying an
issue that is still a matter of debate : are children born with natural
flexibility and creativity? Is their potential of creativity exposed to
counter-influences from education, that will inevitably restrict it, or is
behavioral variability a consequence of environmental influences, and
can it be taught ?

It is relevant, at this point, to briefly present Piaget's cognitive
developmental theory, not only to show the usefulness of
developmental analysis in understanding adults' intellectual
functionning, but also because this theory has been at the basis of the
choice of age-groups considered in the first experiment. Moreover,
some of the tasks selected for comparison with performances and
behavioral variability in problem-solving are borrowed or derived
from Piaget's experimental procedures.
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In Piaget's conception of intelligence, human cognitive functions
are viewed as an active ontogenetic construction by the child
interacting with his environment. Basic to such a constructivist
conception is the notion that intellectual development necessarily pass
through an ordered sequence of stages, up to the mastering of adult
logical thinking : the most abstract forms of logical thinking derive
from overt action observed in its simplest form in infancy at the
sensory motor stage, through the interiorisation and coordination af
action at the concrete operation stage.

Two fundamental mechanisms are implied in cognitive
development: Assimilation and Accommodation.

- Assimilation is the integration of external element into evolving
or completed so-called schemes of action (a sheme, broadly defined,
corresponds to a class of behaviors). No behavior constitutes an
absolute beginning. It is always grafted on previous schemes and
therefore amounts to assimilating new elements to already
constructed structures, innate or previously acquired (for example,
the sucking reflex is applied to a large number of objects, obviously
as a means for collecting information). However, if assimilation
alone were involved in development, there would be no variations in
a child's psychological structures. He would not acquire any new
content and would not develop further. Assimilation is therefore
never present without its counterpart : accommodation

- Accommodation is the process by which assimilatory schemes
are in turn modified by the elements they assimilate (using again the
simple example of sucking behavior, the child adjusts his sucking
behavior to adapt to the characteristics of new objects). Hence,
cognitive adaptation and development result from an equilibrium
between assimilation and accommodation.

Three main periods of development can be distinguished. They
appear in a fixed sequence because each of them is a necessary
condition for the next one to proceed.

- The sensorimotor period lasts until approximately 1 1/2 or 2
years of age. During this period, the child elaborates schemes of
actions, that is to say, organizations of actions which can be
generalized from one situation to another.

- The period of representative intelligence leads to concrete
operations. Before about 7 or 8 years, children grasp various
characteristics of a situation (or of a material) but they cannot
integrate them into a system. They cannot anticipate the results of
their actions, they base their judgements or behaviors on the
immediately perceived characteristics of the situation, and they fail to
take into account the relations existing between all the elements of a
situation. As an example, if instructed to put some order in a set of
objects differing in various dimensions, such as size, color, shape,
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type of material, etc (classification task), subjects at that stage will
use partial criteria or use only the most salient properties, such as size
and color, and will reveal unable to switch to other criteria. Or, in
the well-known "conservation task", pouring a liquid from one
container to another - say, narrower and higher than the first one - the
child will conclude that the quantity has changed because the level is
higher, being unable to coordinate the two dimensions and see that
they compensate for one another.

At about 7 or 8 years, (Merative sma), the reactions are very
different. At this stage, children take into account one aspect after
another, manipulate, transform and coordonate the relations into a
system. The child's thought becomes .eversible, that is to say that
he can conceive of undoing what he is doing and vice versa. He is
able to anticipate the results of his actions and behave according to
pre-established plans. In classifications, for example, he/she is able
to keep in mind the initial arrangement and the successive
transformations carried out on the material; all actions can be logically
cancelled. "Mobility of thought" is one main characteristic of
accessing to the operative stage. This "mobility" or "intellectual
flexibility" is at work in all classical tasks explored by Piaget, i.e. in
conservation, seriation and classification. Classification is
undoubtedly where it appears most clearly in observable behaviors.
As already mentioned, in a classification task, the subject is asked to
organize a set of elements (objects displayed before him/her) in any
way he/she wishes to do. After his/her first arrangment, he/she is
asked to carry out another classification and so on. Inhelder and
Piaget (1967) have named the process at work in this type of
behavior: retroactive mobility.

This period extends, crudely defined, to the age of 11. It can be
summarized by saying that the child masters all main logical
operations but that his reasoning still needs the support of concrete
situations.

- After this period, logic is applied not only to relations in
concrete situations but also to relations between propositions at a
purely symbolic level. It is the formal operative stage that will be
typical of adult intelligence.

According to Piaget, four factors explain cognitive development:

1. Maturation : the effect of which consist essentially in opening
new possibilities for development. For example, the progressive
coordination between vision and prehension is possible only when
the neural substrate has adequately developed.

2. The experience acquired through active contact with the
ennmenz: By interacting with their environment, children acquire
knowledges relative to particularities and properties of the physical
and social environment, and knowledges relative to consequences of
their own activities on the environment.
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3. The influence of the social environment (language, educational
background given by family or school).

While these factors can accelerate or delay cognitive development,
they are not sufficient to explain the sequential order of development.
Both social influences and physical experience can have effect on
subject's development only if he/she is capable of assimilating them,
which means that cognitive structures and processes have reached an
adequate level. What is taught, for example, is effectively
assimilated only when it gives rise to an active reconstruction by the
child (cf the mechanisms of assimilation -accommodation presented
above).

4. The constructive aspect of development is explained, after
Piaget, by appealing to a fourth factor: euilibration.

Equilibration can be defined as a self-regulating process involving
a set of active reactions of the subject to external disturbances,
inducing disequilibration.

Especially relevant to our concern is the view of Piaget as to the
role of variations. These are closely related to his notion of
equilibration, because subjects modify their behaviors or their
cognitive structures as a function of disturbances in environment, in
order to reach a new level of equilibrium. However, what has to be
explained is why the subject, at a certain level of development,
"feels" the contradiction between the structure characterizing his/her
behavior and the characteristics of the environment, and why he/she
engages in readjustments. What is needed here is some sort of
behavioral variability, paving the way for innovations, new
strategies, new coordinations.

Taking into account the cognitive development as described by
Piaget, subjects of our first experiment were selected into for
different age groups. Normally, the subjects belonging to each of
these age groups, should be characterized by a certain level of
cognitive development. Subjects 5-6 years old are presumably at the
pre-operative stage, subjects 9-10 years old at the concrete operative
stage, and subjects 14-15 years old and adults at the formal operative
stage.

2.3.2. SELECTING TASKS ON "MOBILITY OF THOUGHT"

In research concerning the evolution of problem-solving
behaviors as a function of age, useful guidelines are offered by the
cognitive developmental levels as defined in Piaget's theory. In
previous research carried out in our laboratory, Piagetian concepts
have been used for the analysis of behavioral flexibility (Botson and
Deli~ge, 1976; Delifge, Botson and Vanhulst, 1984). These
experiments, which cannot be described in details here because
available space does not permit, led to the conclusion that the
difficulties encountered by children in the resolution of concrete
problems involving creative solution were mainly tied to their
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"difficulties to change", i.e. to leave behind an already tried solution
and explore another one. For example, children had difficulties to
employ usual objects in an unusual way (e.g. to use a box full of
spaghetti to represent the main part of a locomotive), or to pull apart
and recombine objects or pieces of objects (e.g. to dismantle a toy
plastic kettle and use the yellow part of it to complete the heart of a
flower). As a step toward systematic training of flexibility, the
authors have explored the spontaneous tendency to change - or the
aptitude to switch from one behavior to another when confronted to a
standard situation - as a function of age. Appropriate training can
only be based on knowledge of developmental stages, if there are
any.

As already mentioned in section 2.2.1., two types of change were
considered. One of them involved a practical manipulation -
"handling" change -, the other a "cognitive" change.

In the "handling" change tasks, subjects (from 4 y.o. to 12 y.o.)
had to change the orientation of similar blocks in order to embed
them in holes of different shapes.

The "cognitive" change tasks (or "intellectual flexibility") were
borrowed or derived from Piaget's procedures in his studies on
"mobility of thought" (see section 2.3.1.). Directly borrowed were
the spontaneous classification test and the successive dichotomies
test. An especially designed situation, the "serial classification task",
was added, that combines classification and seriation operations. In
this situation, the subject is presented with an array of objects,
varying along several dimensions, but ordered in space in such a way
that at any point, the series can be dichotomically cut, with the
objects on one side sharing a common property, but lacking an
additional property shared by the objects on the other side. The
subject's task is to complete several series by inserting at a given
point an appropriate object, selected out of a multiple choice display.
Two situations are possible : one where the perceptual impression fits
to the logic of the system (perceptual serial classifications) and one
where the perceptual impression does not fit or even conflicts with
the reasoning (non-perceptual serial classifications).

One advantage of this procedure is that there is only one solution
to each series.

While Inhelder and Piaget considered that the 9 y.o. children are
able to anticipate ail the possible criteria of classification and to
behave in a systematic and exhaustive way as a function of a
pre-established plan, Botson and Delifge's observations showed that
this age was not a turning point between the stage of "trials and
errors" processes and the stage of complete mobility. Older subjects,
adolescents and even adults failed when they were confronted with a
material including more than 3 or 4 criteria of classification, or with a
material in which the logical organization conflicted with the
perceptual characteristics (non-perceptual serial classifications). The
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mobility seemed to be hindered by perceptual fixations, at all stages
of intellectual development.

Comparing the evolution of the "handling flexibility" with that of
"cognitive flexibility", the authors concluded that the two types of
flexibility evolve in parallel. In both cases, it was the most
perceptually salient characteristics that misled the subjects, preventing
them to take the useful characteristics into account. Thus, difficulties
in "decentration", i.e. in switching to another look at this problem,
seemed to be the source of errors in both types of tasks.

A qualitative analysis of the results of previous researches on
behavioral variability carried out in our laboratory (El Ahmadi, 1982;
Boulanger, 1983) also suggested that performance and variability in
the Visual Matrix task were a function of the subjects' cognitive
developmental level and of the degree of "abstractness" in their
approach to the task.

These studies suggested that it could be of interest to assess the
subjects' cognitive capacities (particularly, the "mobility of thought")
and to relate them with the subjects' performance and variability in
the Visual Matrix task.

The choice of specific "cognitive" tasks was determined by the
age of subjects, by the possibility to use at least one common task for
two successive age groups and to adopt a standardized procedure.
Tasks involving concrete manipulation were prefered to tasks
involving verbal behavior.

- The seriation, the spontaneous classification and the inclusion
quantification tasks permitted to evaluate the cognitive stage (in the
Piagetian nomenclature) of the 5-6 y.o. and of the 9-10 y.o. The
successive modifications of classifications and of dichotomies
allowed to assess their mobility of thought. The difficulty of the
tasks was adapted to subjects' age (simple or multiplicative seriation;
level I or level Il classification).

- The serial classification task in the simple version (involving
only perceptually consistent items) was used with the 5-6 y.o. and
with 9-10 y.o. The version with perceptually non consistent items
was used for the 14-15 y.o. and the adults. The serial classifications
allowed to complete the informations obtained with the Piagetian
classification tasks (for Nursery, Elementary and Secondary School
Students) and to assess the "mobility of thought" of adults.

- The permutation task (Piagetian task of the formal logic stage)
was proposed to adolescents and adults. It aimed at assessing the
capacities for abstracting and generalizing rules and to resort to a
systematic procedure in the search of all possible permutations.
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2.4. SOCIO-CULTURAL FACTORS

Educational, professional and socio-cultural factors are of such a
general and persistent presence in people life that they can be
expected to produce deeply rooted attitudes in individuals.

There are, to our knowledge, no studies bearing directly on the
relations between the subjects' socio-economical origin, their level or
their type of educational background, their professional activity, on
one hand, and some measure of their behavioral variability, on the
other hand. However, these variables have been shown to be
relevant in some studies of cognitive functioning.

So, Lautrey (1976, 1980) has shown that life conditions linked to
the parents' socio-economic level, determine in part their educational
practices, which in turn influence their children' intellectual
development. He has observed functional aspects of the subjects'
cognitive activity, namely the way they switch from a "schema" to
another one when confronted to the constraints of reality, or, put in
other words, how a child reacts to a disturbing fact, and eventually
reorganizes his/her behavior in order to adjust to it and integrate it.
Lautrey has defined 3 types of family educational practices, which
are characterized by their degrees of stability and of disturbance. A
child may live in any one of these environments:

- random : characterized by the absence of rules
- " : rules are applied whatever the circumstances
- flexible : the application of rules is modulated by the

circumstances

The author has noticed that children coming from a flexible type
environment show higher readiness to reorganize their behavior in
order to integrate disturbing fact. This can be explained by the fact
that these children are faced with disturbing events more frequently
that children coming from a rigid environment, and that hey have
more occasions to improve their anticipations by taking these
disturbing events into account, than children coming from a random
environment.

This attitude towards events hindering assimilation seems to be a
rather general characteristic of personality.

The author has also observed that the flexible environment is
more often adopted by parents of the highest socio-cultural level,
while the rigid educational environment is more frequently linked
with lowest socio-cultural level. A previous research by Busse
(1969) had already shown that the flexibility of thought is linked to
the family educational practices and that a middle level of parental
control seems to be the most favourable to the development of
flexibility.
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Other works suggest that some aspects at least of the cognitive
functioning could be influenced by specific training but are linked to
the level and to the type of educational background.

Bodson and Deli~ge (1976) have shown that the successive steps
leading to the highest levels of mobility of thought (in the piagetian
terminology) correlate, after elementary school, with the superior
level of the secondary studies and with the specialized university
studies (especially, mathematical studies). Moreover, subjects who
have followed a training for manual workers, have a mobility of
thought lower than subjects who have followed secondary studies of
general type, and University students who are in a literary section
have an intellectual mobility, at least as assessed by this type of test,
lower than Uriversity students in mathematics.

Even if it can be assumed that the choice of a given school
curriculum is partly determined by an individual's aptitudes and
tastes, it seems that, in turn, this sort of training to which he is or has
been exposed during school education is an important factor in
shaping further these aptitudes, as exhibited in problem-solving,
especially those requiring flexible approaches.

The studies mentioned above have incited us to include these
factors in the study of variability. One could indeed suspect that the
educational background is important in favouring or restricting
variability. This is a very practical issue since there is now a
widespread concern for more "flexibility", "creativity" and the like in
all aspects of social and professional life. Therefore, in the second
part of our study, variability and performances observed in
problem-solving have been analysed as a function of the level and
type of educational background of subjects. Adolescents and mainly
adults of 18-27 years old (militiamen) were taken into account.

2.5. COGNITIVE STYLES AND VARIABILITY

The concept of "cognitive style" relates to the typical way that an
individual interprets reality and derives meaning from his/her
experience. This definition is in terms of processes rather than
structure or traits and it concerns perceptual, intellectual and social
activities. It allows to characterize the mode of approach that a
subject uses in a variety of situations.

2.5.1. THE "FIELD DEPENDENCE / INDEPENDENCE" COGNITIVE STYLE

Many cognitive style models have been developped. One of the
best known is the field dependence / independence elaborated by
Witkin (1977). It refers to the two extreme poles of a continuum,
rather than to a typology.

Field - independent people" ... can apprehend items as discrete
from their backgrounds when the field is organized and can impose
structure on a field when the field has little inherent structure ... "
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Field - dependent people have greater difficulties to solve
problems which require "... taking an element critical for solution out
of the context in which it is presented and restructuring the problem
material so that the element is now used in a different context."
(Witkin and Goodenough, 1981).

Several authors have studied the relations between the subjects'
cognitive style (field-dependence / field-independence) and their
developmental level, as assessed in Piagetian situations. Positive
relations have been found between the field-independence and the
performances in conservation tasks (Fleck, 1972; Dolecki, 1967;
Finley, Sola and Cowan, 1977; Pascual-Leone, 1966, 1969;
Nodelman, 1965; Huteau and Rajchenbach, 1978; cited by Huteau,
1980) and in tasks relative to the space representation (La Crosse,
1966; Pascual-Leone, 1969; Satterly, 1976; cited by Huteau, 1980).
However, no significant relation has been found between the
subjects' cognitive style and the performances in multiplicative
classification tasks and in class inclusion tasks (Pascual-Leone,
1969; Grippin, Ohnmacht and Clarck, 1973; Finley et al., 1977; cited
by Huteau, 1980) on one hand, and the performances in seriation
tasks (Huteau and Rajchenbach, 1978; Grippin et al., 1973; cited by
Huteau, 1980) on the other hand. The mobility in successive
dichotomies tasks proves to be moderately related with
field-independence in children only (Pascual-Leone, 1969; O'Bryan
and Mac Arthur, 1969; cited by Huteau, 1980). The analysis of the
relations between the cognitive style and the capacity to use
combinatory operations, gives contradictory results, depending on
the material used (Baber, 1976; Huteau and Rajchenbach, 1978;
Longeot, 1974; Neimark, 1975; Pascual-Leone, 1969; Saarni, 1973;
cited by Huteau, 1980). On the contrary, positive relations have
been found between the field-independence and the mastery of the
notion of probability (Pascual-Leone, 1969; Huteau and
Rajchenbach, 1978; Niemark, 1975), volume conservation
(Ghuman, 1977; Huteau and Rajchenbach, 1978; Pascual-Leone,
1969) and experimental reasoning (Saarni, 1973; Lawson, 1976;
Lawson and Wollman, 1977; Pulos and Adi, 1978).

Thus, as noted by Huteau : "The review of the literature about this
topic shows an interaction between cognitive style and characteristics
of the situations chosen to assess the developmental level..." and it
supports the hypothesis according to which ... "the strength of the
relationship between field-independence and efficiency in Piagetian
tasks is linked to the pregnancy of figurative components when these
make the problem more difficult ..." (as it is the case for the space
representation for the conservation tasks) (Huteau, 1980, p. 35). As
a rule, field-independent subjects reveal themselves more efficient
when destructuration-restructuration capacities are needed (as in tasks
where several factors have to be dissociated).
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In the sphere of concept learning, researchers have shown that the
effects of the salient cues are more accentuated for field-dependent
subjects. They experience difficulties of learning when the cues that
were useful in solving a given problem are no longer relevant in a
new problem. (Ohnmacht, 1966; Zawel, 1970; cited in Witkin et al.,
1978, p. 322).

Field-dependent subjects tend to adopt a passive approach to
problems, rather than use a strategy of verification of hypothesis
(Nebelkopf and Dreyer, 1973; cited by Witkin et al., 1978, p. 320).
They are less efficient than field-independent subjects in learning
without reinforcement (Fitz, 1971; Paclisanu, 1970; Steinfeld, 1973;
cited by Witkin et al., 1978, p. 316).

In view of all these results, i, seemed appropriate to look for
relations between the performance observed in the Visual Matrix
Task, which includes visual cues, and the degree of field-dependence
/ independence of the subjects.

The French version of the Group Embedded Figures Test was
chosen to differenciate the subjects according to their
field-dependence or independence. This test was proposed only to
adolescents and to adults because there was no French version of it
adapted for children.

2.5.2. THE "ASSIMILATOR / EXPLORER" COGNITIVE STYLE

Another model of cognitive style has been proposed by
Kaufmann, 1979 under the label "Assimilator - Explorer". This
author has shown with a modified version of the Luchins'
jar-problems, that some subjects spontaneously change their method
of solution. On the contrary, other subjects always use the same
method, even if easier methods are possible. Kaufmann considers
that these two types of subjects can be characterized by two different
cognitive styles : respectively, the "Explorer" and the "Assimilator"
styles. "Explorers" can change their method when the situation
requires it easier than "Assimilators".

The strategies used by the two types of subjects defined by
Kaufmann could be compared with the two different kinds of
thinking identified by Guilford (1950; 1967) : divergent thinking and
convergent thinking. The most important of these for
problem-solving is the divergent thinking which is assumed to be
critical in producing novel approaches to problems, involving not
logical thinking (contrarily to the convergent thinking) but thinking
that is "free" and allowing the problem solver to break away from old
habits of thought.

In a certain sense, Kaufmann also approached the subject's
spontaneous behavioral variability and, as he noted himself: "... it
would be interesting to employ an experimental situation of the kind
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developped above (the modified version of Luchins' jar-problems) as

a basis of prediction of problem-solving performance in tasks that

require variability in perspectives and novel approaches in order to be

solved in a satisfactory way." (Kaufmann, 1979, p. 108).

Adults of our third experiment have been submitted to

Kaufmann's task. Their performance expressed in terms of

cognitive style"Assimilator or Explorer" has been compared with

their behavior in the Visual Matrix Task.
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In this chapter, those aspects of methods put to wotk tha, arc
common to the whole set of experiments will be presented. A
detailled description of each task used will be given, including
material, procedure and treatment of data. General procedure
common to all experiments will be complemented by methodological
aspects specific to each experiment, presented, for the sake of clarity,
in table form - details on these specific aspects being presented later
in the chapters devoted to experimental report proper.
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3.1. VISUAL MATRIX TASK

- Material and prcedure

In order to assess behavioral variability, a modified version of
the Visual Matrix Task has been used. It is borrowed from a
procedure originally designed by Vogel and Annau (1973) in a
study on animal subjects. As already pointed out, it could legitimately
be called a Visual Maze as well.

The 4 x 4 light bulbs matrix display used in Vogel and Annau
(1973) experiment was changed to an animated cartoon style
presentation on video screen of 20 x 27 cm (Commodore, model
1701). Two response-buttons were placed in front of the video
screen. This equipment was connected to a microcomputer
(Commodore 64) for on-line control of the experiment, including
video-screen display and recording of responses.

Subjects were sitting at a table in front of the response-buttons
and of the video screen and they were presented with a bank
building with four floors and four windows at each floor. A
moneybag was visible in the upper left window at the begining of
each trial.

A response on the left button had the consequence of moving the
bag to the next window to the right and a response on the right button
similarly resulted in displacing the bag one step downward. The trial
was completed and reinforced when the bag reached the bottom right
window.
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A correct sequence was defined as a sequence in which the "goal"
(bottom right window) was reached after six responses -three on
each button- in any of the 20 possible cor .,nations. No tolerance
was made for extra responses (a 4th response on a given button).
In such cases, the trial was terminated and another trial was
initiated. There were 30 possible incorrect sequences.

Every reinforced sequence was also followed by a new trial. They
were separated by intertrials intervals of 6.3 seconds (time between
the last push on one button and a new possibility to begin a
responses sequence). When a sequence was correct, the bag fell
into a wheelbarrow pushed by a securityman, who took it to a safe
pictured on the screen close to the bank building. Each bag put into
the safe added one point to a counter shown on the screen, and the
safe filled up a little (always by the same amount). If the sequence
was incorrect, the bag fell into the wheelbarrow, but a thief would
arrive and take it away.

- Instructions: "You see, here is a bank building with windows.
Behind one of them, there is a moneybag that you can move by
pressing the buttons which are in front of you. You must try to put as
many moneybags as possible in the safe.

If you succeed, a securityman will help you . But, if you make a
mistake, a thief will arrive and he will take the moneybag away.
So, you will get no point.

Take care, you can press only one button at a time."

- Different matrix types were used :

The matrices N, R and D were used in the first experiment and the
matrices N, D, DIO and C were used in the second and in the third
experiments.

1. Normal Matrix ON):
The matrix and the reinforcement principles were those described
above. Each c -)rrect sequence was rewarded.

2. Random Matrix (R):
Though the rules remained the same as far as sequences of
responses were concerned, the visual display did not give any
useful information. After a response, the bag moved randomly to
another window and no particular window was a goal or initiated
a trial.

3. Normal Matrix with Differential Reinforcement (D):
The principles were the same as in N, except for the rule of
reinforcement. A correct sequence was reinforced if and only if it
was different from the two previous ones (correct or incorrect).

4. A second type of Normal Matrix with Differential Reinforcement

A correct sequence was here reinforced if it was different from the
ten previous ones (correct or incorrect).
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TABLE 01 : LIST OF MATRIX TYPES

1. NL :Normal Matrix

All correct sequences reinforced

2. R : Random Matrix

All correct sequences reinforced but the visual display does
not give any useful information

3. I2 : Normal Matrix with Differential Reinforcement

A correct sequence reinforced if different from the t
previous ones

4. ILI&: Second tye of Normal Matrix with
Differential Reinforcement

A correct sequence reinforced if different form the ten
previous ones

5. C : Matrix with orescribed sequences

Only three specific sequences reinforced
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5. Matrix with prescribed seauences (constrained: C) :
Only three particular sequences were reinforced: A ".BABB,
BAABAB, ABBAAB (with A = one push on the right button
and B = one push on the left button).

Each subject was individually submitted to several sessions of 50
trials each.

Abbreviations and full labeling for all 5 matrix types are given in
Table 01, also reproduced on a separate sheet to help the reader
in the results section.

- Treatment of data:

Ten indices were selected to provide optimal information about
performance and behavioral variability in the Visual Matrix Task.
Their values were computed for each subject and for each session of
50 trials.

1. The percentage of correct sgeuences. % CS

2. The percentage of the dominant seouence : % 1S
It is the percentage of the sequence that was the most often
emitted by a subject in a session. It can differ, for the same
subject, from one session to another.

3. The uncertainty of sequences : LJLS
This index is derived from Information Theory (Shannon and
Weaver, 1948). The mathematical model associated with the
theory provides an adequate way to estimate the degree of
variability within the system being considered, or conversely, the
degree of organization. When one comes to measure it, variability
is of course a relative, not an absolute concept. The model permits
to estimate the information of a message Xi : ( I (Xi) = - log 2 pi )
with pi being equal to the probability of occurrence of Xi in a set
of messages : X ={ X1 , X2 , X3 . . . . . Xn). The global
"information" of the set of messages, called uncertainty U(X), is
equal to the weighted sum of the information of the different
messages :

n

U M pilog2 pi
i=l

The uncertainty of sequences U(S) was computed on the set of
sequences produced by one subject during one session of 50 trials:
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sequencei
5 0 frequency

U(S)= pilog2 pi, withpi=
i--1 50

This index is expressed in bits - the classical unit in Information
Theory - since logarithms are in base 2. U(S) is maximum if all
sequences are equiprobable : U(S) = 1og 2 50 = 5.64... It is 0, if only
one sequence is emitted during the session. This index is used to
estimate the general degree of variability of the sequences in a
session.

4. The number of different correct sequences • (0 to 20).

5. The uncertainty of correct sequences: U(CS).

correct sequence i
20 frequency

U(CS)= - pilog2 pi ,  withpi =
i=1 total number of correct

sequences produced by
the subject

This index is computed as U(S) (see 3 above). It can vary from 0
to 4.32

6. The number of different incorrect sequences •aS. (0 to 30).

7. The uncertainty of incorrect sgequences : IM.

incorrect sequence i
30 frequency

U(IS)= pi log 2 pi, with pi =
I= total number of incorrect

sequences produced by
the subject

The index is computed as U(S) (see 3 above). It can vary from 0
to 4.90.

8. The number of correct sequences differing from the 2 previous
ones (correct or incorrect) • S 2.
It corresponds to the number of reinforcements in the matrix D.

9. The number of correct sequences differing from the 10
previous ones (correct or incorrect) : NSDI0"
It corresponds to the number of reinforcements in the matrix D 10.
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10.The number of sequences which are pan of the 3 reinforced
seuences in the matrix C: MEL
It corresponds to the number of reinforcements in the matrix C.

Abbreviations and full labelling for all ten indices are given in
Table 02., that is reproduced on a separate sheet to help reading.

The last two indices (9 and 10) were only used in the experiments
2 and3.

A supplementary index was selected that was thought to possibly
bring more qualitative informations about the organization of
subjects' behaviors: the dominant sequence type (QSJ. All the
dominant sequences were distributed into four groups, according -to
the most frequent DS types.

With A = one push on the right response-button and B = one
push on the left response-button , we have :

1. Corner sequences (AAABBB or BBBAAA),

2. Diagonal sequences (ABABAB or BABABA),

3. Other correct sequences (AABBBA, BABBAA, ... , for
example),

4. Erroneous sequences (AAAA, BBAABB, .... for example),

5. Constraint sequences : this category includes the 3 sequences
reinforced in the matrix C (AABABB, BAABAB, ABBAAB).

In the results section of chapters 4 and 5, results in the matrix will
be presented under two headings, performance and variability.

Performance refers here to those aspects of the subject's behavior
which contribute to efficiency, i.e. to reinforcements.

The performance of subjects is assessed by the following indices:
- % CS in all matrixes (it corresponds to the number of

reinforcements in the rmatrices N and R).
- NSD 2 , NSD 10 and NCS in the matrixes D, D 10 and C,

respectively (these indices correspond to the number of
reinforcements in these matrixes).

Variability refers specifically to the changes exhibited by the
subject in sequences he used.

The global variability of subjects is assessed by % DS and U(S)
in all matrixes.

In addition, variability of correct sequences and variabili!X of
incorrect seouences have often be considered separately. They have
be assessed by NCS and U(CS) and by NIS and U(IS), respectively.
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Table 02: LIST OF INDICES

1. %CS

Percentage of Correct Sequences.

2. %DS

Percentage of the Dominant Sequence.

3. ILU(S

Uncertainty of Sequences.

4. NCS

Number of different Correct Sequences.

5. U (CS)

Uncertainty of Correct Sequences.

6. NIS

Number of different Incorrect Sequences.

7. U (IS)

Uncertainty of Incorrect Sequences.

8. NSD)

Number of correct Sequences Differing from the two previous
ones (correct or incorrect).

9. NMSJD

Number of correct Sequences Differing from the ten previous
ones (correct or incorrect).

10. NSC

Number of Sequences which are part of the three reinforced
sequences in the matrix C.
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3.2. OTHER COGNITIVE TASKS

In this section, tasks that were used for comparison with the
performance in the MATRIX are described. The source in the
literature where more details can be found, is mentioned immediately
after the label. The experiment (1, 2 or 3) and age group(s) in which
the task has been used are also mentioned.

3.2.1. SIMPLE SERIATION AND INTERCALATION (Piaget and Inhelder, 1967)
(Experiment 1 5-6 y.o.)

Material:
6 wooden sticks of different lengths (5, 6, 7, 8, 9 andlO cm).

procedure
a) The 9 cm stick was taken away. The task was to seriate the

other five according to length.
b) If seriation was correct, the subject was asked to insert the

missing stick in the correct position.

Performance on the task (and the procedures employed by the
subject) were observed and directly transcribed on paper by the
experimenter.
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Treatment of data:
Subjects were put into two categories, the performance criteria for

being put in ca.2 presumably showing higher cognitive level than
those for cat.

at. 1: subjects did not correctly arrange the elements (examples:
they "drew" a house; they assembled the elements by two or by three:
they formed the top of stairs, but without taking into account the
stairs basis.)

Cat. 2 : subjects made a correct seriation (with or without the
direct insertion of the remaining element).

3.2.2. MULTIPLICATIVE SERIATION (Piaget and Inhelder, 1967)
(Experiment 1: 9-10 y.o.)

Material:
7 x 7 sticks that could be seriated on the basis of size (7 different

sizes : 4,5,6,7,8, 9 and 10 cm) and color saturation (7 different color
saturations for 7 sticks of a determined length).

Procedure:•
The subjct was to order all the 49 sticks according both to size

and color saturation.
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"You see these sticks, they are of different sizes and color
intensities. Could you set them in order ? Do as you like".
- If the subject did not understand the instructions, he/she was

further instructed to set all the wooden sticks in order both from
the smallest to the longest, and from the lightest to the darkest.

- If the subject could not carry out his/her seriation, the
experimenter began the seriation and the subject was asked to
complete it.

Performances on the task, and the procedures employed by the
subjects were observed and recorded.

Treatment of data.
Subjects were put into three categories, the performance criteria

for being put in cat. 3, presumably showing higher cognitive level
than those for cat. 2 and the performance criteria for being put in cat.
1, presumably showing lower cognitive level that those for cat. 2.

Cat. I : subjects arranged the elements according to only one
dimension (length or color saturation) or correctly completed the
example given by the experimenter.

Cat. 2 : subjects arranged the elements, according to one
dimension and rearranged this first seriation, according to the second
dimension.

Cat. 3 : subjects arranged the elements, according to the two
dimensions, simultaneously.

3.2.3. FREE, DICHOTOMIC ANDI) MULTIPLICATIVE CLASSIFICATIONS.
LEVEL 1: 3 CRITERIA OF DICHOTOMY (Piaget and Inhelder, 1967)
(Experiment 1 : 5-6 y.o; 9-10 y.o.)

Material :
- 8 elements that could be sorted on .e basis of size (7 x 7 cm and

7 cm 0; 3,5 x 3,5 cm and 3,5 cm 0), color (blue; yellow), or
shape (disk; square).

- A sheet of paper that could be divided in 2 or 4 parts by two
removable partitions.
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Procedure :

a) Free classifications:
- All the elements were displayed in disorderly manner on the table

in front of the subject.
- The subject was asked to group the elements in any way he/she

wished to.

Instructions :
"You see, these pieces are all mixed up, could you set them in

order putting together those that are alike ?"

- After his/her first arrangement, the subject was asked to carry out

another classification.
Instructions :

"Could you set in order the pieces again, but in another way,
always putting together those that are alike ?'

b) Dichotomies :
- The elements were mixed up and the sheet of paper (divided in 2

parts) was placed right in front of the subject.
- The subject was asked to distibute the elements in two sets.

Instruction
"Could you arrange the pieces by making only two sets ?'
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Finally, he/she was asked to make yet 2 different dichotomies.

c) Multiplicative classifications:
- The elements were mixed together and the sheet of paper was

divided in 4 parts by two removable partitions.
- The subject was asked to distribute the elements in 4 sets.

Instructions :
"Would you arrange these pieces in 4 sets; if one takes this

separation (vertical) off, these sets (experimenter designates sets)
must fit together, and if one takes this other separation (horizontal)
off, these other 2 sets must fit too (designates).

- As for the dichotomies, the subject was asked to make two
additional multiplicative classifications.

- The subject was asked to justify each of his/her performances.
- Performances on the task, the procedures employed by the subject

and his/her justifications were observed and recorded by the
experimenter.

Treatment of data:
For the free classifications test, subjects of 5-6 y.o. were put into

two categories. The performance criteria for being put in cat, 2,
presumably showing higher cognitive level than those for cat. 1.

Cat. I : subjects did not spontaneously make any classification
(for example, they put the totality or a part of elements into a line;
they assembled some elements to make a picture).

Cat. 2 : subjects spontaneously made several under -collections,
one dichotomy or one multiplicative classification (for example, the
objects distribution could be represented as follows:

yellow circles yellow squares

blue circles blue squares

For the subjects of 9-10 y.o., these 2 categories were modified as
follow :

Cat. I : subjects spontaneously classified the objects into 2
collections (one dichotomy) or divided the objects into 2 collections
which were itselves divided into 2 under-collections.

Cat. 2 : subjects put spontaneously together, by trials and errors,
the different under-collections, according to their common
characteristics (one multiplicative classification) or executed,
directly, a correct multiplicative classification.

The numbers of correctly justified dichotomies (from 0 to 3) and
the number of correctly justified multiplicative classifications (from 0
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to 3) were taken into account.

3.2.4. FREE, DICHOTOMIC AND MULTIPLICATIVE CLASSIFICATIONS.
LEVEL 2: 6 CRrTERIA OF DICHOTOMY (Botson and Delige, 1976)
(Experiment 1• 9-10 y.o.; 14-15 y.o.)

Material:
16 geometrical forms. The characteristics of the elements were

determinated as a function of 6 criteria of dichotomy : round/square;
blue/yellow; iarge/small; thin/thick; pierced/whole; striped/stripeless.

There were always 8 elements for each component of the
corresponding dichotomy.

Procer in tructi n an rtm n f were similar to thos-
which w.-:e used for the level 1 classifications.

But, with this second material, the subject could carry out 6
different dichotomies and 15 different multiplicative classifica.-ons.
So, he/she was asked to modify his/her dichotomy (or multiplicative
classification) as many tXnes as he/she could. The experimentr
stopped requesting modifications whe.n the subject had made 3
sucessive mistakes or had repeated 3 times in a row a given
dichotomy (or multiplicative classification) he/she had alrey carried
out, or when he/she had not produced dr.y ne%, solution for 3
minutes. To avoid memory problems, subject was given a
photography of each classification he/she had already made.

90



Performances, procedures employed by the subject and his/her
justifications were recordcd.

3.2.5. iNCLUSION QUANTIFICATION (Piaget and n',-:Jer, 1967)
(Experiment 1 5-6 y.o.; 9-10 y.o.)

Material:
7 paper disks (3.5 cm 0) : 5 blue and 2 yellow.

Procedure•
- The disks were disposed in line.
- Inclusion question : "You see, these are all paper disks,there are

-- me yellow and some blue disks. Could you tell me if there are
more paper disks or more blue disks".

- I,,e subject was requested to justify his/her answer.

Treatment of data :
Only the subjects who gave the correct response and who could

justified it, were considered as grasping the notion of inclusion.

3.2.6. PERMUTATIONS (Piaget) (Experiment 1 : adolescents and adults)

Material:
4 disks : 1 blue, 1 red, 1 yellow and 1 green.

Procedure:
a) Three disks were placed in line in front of the subject.
- The subject was asked to find the number of permutations which

were possible with 3 disks and to tell how he/she had found this
number.

Instructons
1 ."How many different arrangements in line can you do with these 3

disks ?"
2."How did you find this number ?"
- Afterwards, the subject was asked to write the different

permutations on paper.
b) The subject had to find and justify the number of permutations

with 4 disks and finally, with 5 disks.

- Numbers given and their justifications were recorded.

Treatment of data:
Subjects were put into 4 categories, the performance criteria for

being put in Cat. 4, presumably showing higher cognitive level that
those for the other categories.

Cat. I : Subjects did not know the permutation computation
principle and did not apply a systematic procedure to execute
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permutations.
Cat. 2 : Subjects did not know the permutation computation

principle and adopted a systematic procedure to execute
permutations, but not to the totality of them.

Cat. 3 : Subjects did not know the permutation computation
principle, but adopted a systematic procedure to execute the totality of
permutations.

Cat. 4 : Subject knew the permutation computation principle and
systematically executed the totality of permutations.

3.2.7. PERCEPTUAL SERIAL CLASSIFICATION (Botson and Delifge,1976)
(Experiment 1 : 5-6 y.o.; 9-10 y.o.)

In this type of serial classification, the perceptual cues correspond
to the logic of the system.

The task was composed of 4 items (the first, was a trainingg
item). Each series could be dichotomized at each point according to
the following properties.
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Form Texture volume color

spheric angular angular angular angular

smooth smooth rough rough rough

thick thick thick thin thin

colorless colorless colorless colorless colored
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Thick /thin
Rough /Smooth

Red /Blue
Large /Small

Rectangular /Triangular
Opaque / Transparent
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Thick / Thin
Pierced / Whole

Square / Round
Red / Yellow

Rough / Smooth
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Item 3 :

Colored / Colorless
Angular / Round

Volume / Flat
Whole / Pierced

Procedure-:
For each item, the subject was presented with an array of objects

varying along several dimensions. His/her task was to set in order
the objects in such a way that at any point, the series could be
dichotomicallv cut, with the objects on one side sharing a common
property, but lacking an additional one shared by the objects on the
other side.

a) Building the series

Instructions
"Here are the objects you will order in a row, one after the other,

but paying attention to the sequence in which you do it. You choose
first, the one that is different from all the others for whatever
reason." "Then, you choose another one so that the first two go
together and are different from all the ones left for whatever
reason.""You choose another one so that the first three go together
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and are different from all the ones left for whatever reason". Etc...

b) Justifying the order :

After the construction of each series the subject was asked to justify
each dichotomy.

Instrucions :
"Tell me what makes the first object different from all the others;

tell me what makes the first two objects different from all the others;
etc..."

- If a series was incorrect, the experimenter corrected it and the
subject was asked to justify each dichotomy again. If he/she could
not do it, correct justifications were given by the experimenter to
the subject.

- For each item, the series constructed by the subject and all
justifications he/she proposed were observed and recorded by the
experimenter.

Treatment of data.
An item was correct if the series and all the justifications given by

the subject were correct. For each subject, the number of correct
items was taken into account (from 0 to 3).

3.2.8. NON-PERCEPTUAL SERIAL CLASSIFICATION
(Botson and Delige, 1976)
(Experiment 1 and 2 : adolescents and adults)

In this type of serial classifications, the perceptual cues conflict
with the logical reasoning, though the general principles were the
same as in perceptual serial classifications described above. The task
was composed of 8 items (first and second are training items).

Materials:
On the pictures of the second training item and of the 6 test-items,

the series to be completed is represented above the white separation
line, the multiple choice display appears below this line and the
appropriate object is placed on the separation line.
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Training item I:

.( .. . --

blue red
square round

smooth rough
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Square I round
Red~ blue

(Whole /pierced)

The correct element wich cornplety the series is round, blue and pierced. The
character-istic xich differentiates this element from the other ones is the fact
that it is pierced (the 3 other elements are whole).



Blue 1 red
Square / round

( Large small)

The correct element is red, round and small (all the other elements of the
series are large).
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Opaque /transparent
Rectangular IRound

(Flat /Volume)

The correct element is transparent, round and it is a volume
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Item 3 :

44

Blue 1 Red
Rectangular / Round

(Fiat / volume)

The correct element is rev round and it is a volume (the other elements of the
series are flat).
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Ilem 4

Opaque / Transparent
Rectangular Round

(Thin / Thick)

The correct element is transparent, round and thick (the other elements of
the series are thin).

/
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itemS5:

Round I angular
Yellow / White

Opaque Transparent

The element wich must be inserted into the series is angular, yellow

and opaque.
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Pierced / whole
Round Angular

Opaque / Transparent
Smooth / Rough

The element wich must be inserted into the series is round, whole, opaque
and smooth.

Procedure
a) First trainig item:

Subject was presented with an array of 4 objects that varied along
several dimensions. His/her task was to set in order the objects in
such a way that at any point, the series could be dichotomically cut,
with objects on one side sharing a common property, but lacking an
additional property shared by the objects on the other side.

Instructions:
"These elements are al unlike each other. You will set them in an

order that I shall explain to you. You choose first, the element that is
different from all the others on one of its characteristics..., you
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choose the second one so that the first two share a common property
which opposes them to all the others.... you choose the third one so
that the first three share a common property which opposes them to
all the others, etc...You will verify that, at any point, the arrangement
is correct before you say that you have finished it."

b) Second training item:
- On a first occasion, the subject was presented with an array of

three objects and his/her task was to set in order these objects (as
in the first training item).

- The second time, the subject was presented with 6 other objects
and his/her task was to select the object that completes the series
adequately.

Instuction :
"Now you will choose among these elements one which can be

placed at the end of the row, so that the series remains correct. It is
necessary that no matter where we cut, we will still be able to find a
difference between all the elements at the left, and all those at the
right".

c) Item 1 to item 6.
Subject's task was to complete the series by inserting, at a given

point, the appropriate object (at the end of the series for items 1 to 4,
and between 2 objects for items 5 and 6).

Instructions :
Similar to those given for the second training item.

- For each item, after the object was chosen, the subject was asked
to justify all the dichotomies of the series.

- When the chosen object was not appropriate, the experimenter
gave the subject the appropriate one and explained all the
dichotomies.

- For each item, the chosen object and justifications were recorded.

Treatment of data:
An item was correct if the chosen object and the justifications

given by the subject were correct.
For each subject, the number of correct items was taken into

account (from 0 to 6).

3.2.9. "GROUP EMBEDDED FIGURES TEST" (GEFT) : FIELD-DEPENDENT
AND FIELD-INDEPENDENT COGNITIVE STYLES
(Experiments I and 2: adolescents and adults)

- The french version of the "Group Embedded Figures Test"
(OLTMAN, RASKIN and WITKIN, 1971) was employed ("Test
des Figures encastrtes", published by : Les Editions du Centre de
Psychologie Appliqu6e, Paris, France, 1985).
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This test consisted of complex figures in which the subject had to
recognize a simple figure. When the subject had found it, he/she
traced its outlines with precision and as fast as possible. There
were three parts : the first part was composed of 7 items; it
constituted a training exercise. Each of the others two parts were
composed of 9 items.
The time limit was, respectively, for the 3 parts, of 2, 5 and 5
minutes.

- In the example presented below, the subject had to recognize the
simple figure A in the complex figure B.

So1ion
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Treatment of data:
Only the 18 items proposed in the last two parts of the test were

taken into account.
The number of simple figures recognized and traced with

precision in the time limits was computed for each subjects (the
degree of field-independence increases as a function of the number of
correct items).

3.2.10. TASK OF KAUFMANN (1979) (Experiment 3 : adults)

Material. procedure and instructions :
Subjects received a little book with a problem on each page. They

had a paper and a pencil at their disposal.
They were presented with the following instruction
"You will now be required to solve some practical problems.

Imagine that you are working as a clerk in a shop, and a customer
asks for a certain amount of flour. Unfortunately, your scales are not
working. However, there are some containers available, each of
which holds a certain amount of flour. By way of these you will be
able to find the amount required.
Let us have a look at an example which demonstrates what the task is
about and how it is to be solved : you are to get 20 grams. You have
one container available that holds 29 grams and another one that
holds 3 grams. How to get 20 grams ?
Solution : you fill up the 29 grams container and then you pour 3
grams into the other container 3 times. As you see, we now get : 29
- 3 = 26 - 3 = 23 - 3 = 20 grams and we have solved the problem.
Now there are 20 grams left in the large container. Agree ? Are you
sure you have understood what the task is about ? In the following
you will get several such tasks to solve".

The problems, presented at interval of 3 minutes, and their
possible solutions are given in Table 0.3.
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PROBLEMS CONTAINER GIVEN TO GET SOLUTION
(quan:ity in grams)

A B C

Example 29 3 20 a. A - 3B

1 21 127 3 100 a. B - A -2C
b.B-9C
c. B - 2A + 5C

2 14 163 25 99 a. B -A -2C

3 18 43 10 5 aB- A-2C

4 9 42 6 21 a. B -A -2C
b. B+ A - 5C
c.A+2C
d. 3A-C
e. B + C -3A

5 20 59 4 31 a. B - A - 2C
b.B-7C

6 18 48 4 22 a. B -A -2C
b.A+C

7 28 76 3 25 a. A - C

Table 0.3. Problems and solutions, as poposed in the Task of Kaufmann

The "Example" problem was for illustrative purposes. If the jars,
in the order written, are labeled with the letters A, B, C, respectively,
then the test-problems (1 to 6) are all solvable by the formula B - A -
2C. Problem 7 does not fit this formula. While it is possible to
solve all the test-problems by the same formula, several other
solutions to these problems are also possible. Some of them are
simpler, some are about the same complexity, and some are more
complicated that the B - A - 2C procedure.
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Treatment of data:

Subjects were put into 2 categories:
In the category "Assimilator" were put subjects who employed the

standard principle throughout the 6 test-problems

In the category "Explorer" were put subjects who employed one
or more deviant solution -alternatives.

3.3. GENERAL PROCEDURE AND SYNTHESIS OF THE
METHODOLOGICAL CHARACTERISTICS SPECIFIC TO EACH
EXPERIMENT

Each subject was individually submitted first to several sessions,
of 50 trials each, on the Visual Matrix task.

Subjects of each age group (or of each type of educational
background) were randomly distributed into several experimental
groups. These differed according to the type of matrix proposed at
each session.

After completing the Visual Matrix task, subjects were
individually submitted to "cognitive" tasks. Afterwards, subjects
who wanted it, were informed about the purpose of the experiments
and were given an answer to any question they wished to ask.

The methodological characteristics specific to each experiment are
presented in Table 0.4., that is reproduced on a separated sheet to
help reading in following chapters.
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CHAPTER 4

DEVELOPMENTAL APPROACH TO
BEHAVIORAL VARIABILITY

- EXPERIMENT 1 -
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4.1. AIMS OF EXPERIMENT 1

The following questions were considered in a developmental
perspective :

I. Does contingent reinforcement produce stereotypy, even when this
last one is not required ?

2. What is the role of the information given by the environment ? What
is the role of visual cues ? Do they influence the sequence form ?

3. Is it possible to induce behavioral variability ?

4. Which role is played by the individuals' experimental history,
depending upon the situations they have been experiencing ?

5. Are there relations between the subjects' cognitive capacities, their
cognitive style (field dependence / independence) and their
performance and variability at the Visual Matrix task ?

4.2. METHOD

4.2.1. SUBJECTS

Subjects whose data could not be entirely used (absence from school
or recording errors) were excluded from an initial sample of 100 subjects
in each age group. Finally, 368 subjects were selected and distributed
into four age groups :

1. Nursery School children (n = 79; 43 girls and 36 boys) ranged in agc
from 4-I to 5-1 1 with a mean of 5-5 years of age.

2. Elementary School children - 4th grade - (n = 91; 45 girls and 46
boys) ranged in age from 9-2 to 11 with a mean of 9-9 years of age.

3. General Secondary School adolescents - 3th grade - (no Technical
School subjects were included) (n = 98; 59 girls and 39 boys) ranged
in age from 13-1 to 15-8 with a mean of 14-8 years of age.

4. Adult subjects (studen' , all departments, at the University of Liege)
(n = 100; 39 females and 61 males) ranged in age from 18-3 to 24-7
with a mean of 20-i years of age.

Subjects of the first three age groups were issued from the
community run schools of the city of Liege.
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4.2.2. MATERIALS AND PROCEDURE

- Visual Matrix Task:

Three different matrix types were used: (see list of matrix types,
Table 0.1, p. 80)

- Normal matrix (N),
- Random matrix (R),
- Normal matrix with differential reinforcement (D)

Subjects of each age group were randomly distributed into five
experimental groups and they were individually submitted to three
sessions of 50 trials each, in a room of their school (a period of 24 hours
was allowed to elapse between two consecutive sessions).

EXPERIMENTAL GROUPS SESSION 1 SESSION 2 SESSION 3

1 N N N
2 N R N
3 N D N
4 D R N
5 R D N

The subjects of our sample were distributed into the 5 experimental
groups as showed in the Table 1.1.
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AGE 5-6 YEARS OLD

GROUPS NNN NRN NDN DRN RDN TOTAL

FEMALES 8 12 8 6 9 43

MALES 7 6 8 7 8 36

TOTAL 15 18 16 13 17 79

AGE 9- 10 YEARS OLD

GROUPS NNN NRN NDN DRN RDN TOTAL

FEMALES 10 10 9 7 9 45

MALES 10 8 10 10 8 46

TOTAL 20 18 19 17 17 91

AGE 14-15 YEARS OLD

GROUPS NNN NRN NDN DRN RDN TOTAL

FEMALES 12 14 12 9 12. 59

MALES 5 6 7 12 9 39

TOTAL 17 20 19 21 21 98

AGE ADULTS

GROUPS NNN NRN NDN DRN RDN TOTAL

FEMALES 8 10 6 7 8 39

MALES 13 10 14 13 11 61

TOTAL 21 20 20 20 19 100

Table 1. : Subjects' disuibutions as a function of experimental group and of sex,
in each age group.
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- Cog-nitive tasks:

The specific tasks used in each group can be found in Table 0.4., p.
Ill.

4.3. RESULTS

4.3. 1. VISUAL MATRIX TASK

The indices selected to provide optimal information about
performance and behavioral variability in the Visual Matrix Task have
been defined pp (indices n' I to n0 8).

Two supplementary indices were calculated for this experiment:

- The mean time of realization of one sequence : MTR
It is the mean time for completing one correct or incorrect sequence.

A sequence begins with the first push and ends with the last push on one
response-button.

- The mean time of latency : MTL
It is the time between the moment when a first lamp on the Visual

Matrix is lit on and the first push on one response-button, that initiates a
sequence.

Means and standard deviations for each index and for each
experimental group, according to age and to session, can be found in
Appendix 1, tables 1.2 to 1.11, pp 12-21.

4.3.1.1. Effects of age and of session order in each experimental g=oup:

- Student T-tests for related samples were used to compare the values
of each index, in the 3 sessions in each experimental group and in
each age group (see Tables 1.23 to 1.42 in Appendix 1, pp 28-47).

- For each index, One-Way ANOVA (F) and Newman-Keuls procedure
(NK) were used to compare the four age groups, in each session of
each experimental group (see Tables 1.53 to 1.62, in Appendix 1, pp
58-67).

- Experimental group NNN

Figure 1.1. (p. 119) presents, for each index, mean values as a
function of session, for each age group, in the group NNN.

In each age group, there is an increase of the %C.S. from the first to
the third session. The 5-6 years old (y.o.) subjects obtain the lowest %
C.S. In each session (significantly different only for the first session).
Their performance is progressively approaching the performance of the
other age groups. The latter have, at once, very high level of % CS ( >
90%). (">" means "superior to"; "<" means "inferior to").
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There is a concordance between results obtained on realization times
and results on performance : MTR is significantly reduced between the
first and the second session, for all the age groups. It is still decreased
for the 5-6 y.o. during the last session. Generally, the youngests are the
lowest and the adults, the fastest for MTR and MTL

- Variabili
Parallel to the increase of performance, there is an increase of

sequences stereotypy, as globally shown by the indexes that estimate the
degree of sequences variability (see : %DS, NCS, NIS, U(S), U(CS)
and U(IS) in Figure 1.1.). This is esreially marked from the first to the
second session and for the 5-6 o A 9-10 y.o. There is no significant
difference between age groups, it we look at the variability of correct
sequences (NCS, U(CS)). But we find a slight tendency for the 5-6 y.o.
to be more stereotyped and for the 14-15 y.o. to be more variable. The
youngest subjects use, on the contrary, more incorrect sequences and are
here significantly more variable than the other age groups.

Experimental moup NRN

Figure 1.2. (p. 121) presents, for each index, mean values as a
function of session, for each age group, in the group NRN.
- Perforawnce :

The matrix R produces a significant decrease of the performance in
all the age groups (see % CS). The % CS returns to its initial level
during the last session, for the first three age groups. It rises slightly for
the adults. The 5-6 y.o. constantly obtain the lowest % CS . The
Elementary School subjects seem to be the most disturbed by the
incoherence of visual cues in R : they show the most important decrease
of the % CS and they attain a level similar to the one obtained by the
youngest subjects. Realization times are also modified by R : they
increase from the first to the second session, except for the 5-6 y.o.
whose MTR stays at the same high level as in the first session.
Afterwards, they are significantly reduced to a lower level than the one
reached in the first session, again except for the 5-6 y.o. whose MTR
remains high. Latencies are not so much influenced by R, except for the
youngests whose MTL constantly stays at high levels.

- :ariabili :
For all age groups, the variability of incorrect sequences (U(IS) and

NIS in figure 1.2., pp .... ) increases significantly with the matrix R.
This is consistent with the decrease of the performance in R and
explains, for a major part, the increase of general variability (U (S))
among the 5-6 y.o., the 9-10 y.o. and the adults (significant only for the
first two age groups). Despite the higher variability of incorrect
sequences, global variability (U(S) and % DS) remains stable among the
14-15 y.o. This can be explained by the slight increase of the correct
sequences stereotypy in this age group, instead of the slight decrease of
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this feature in the other age groups. During the last session, the
variability of incorrect sequences is significantly reduced for all the
subjects, while the 5-6 y.o. maintain the highest level. The 9-10 y.o.
and the 14-15 y.o. become more stereotyped than during the first
session and reach the lowest levels for all the cues related to correct
sequences variability.

- Exrimental group NDN

Figure 1.3. (p. 123) presents, for each index, mean values as a
function of session, for each age group, in the group NDN.

The requirement of variability in D does not stop the increase of CS
%. Globally, subjects behave like in the first experimental group NNN,
even if we observe differences between age groups during the second
session. Indeed, the first two age groups do not increase their % CS as
much as with N in second session and the two others reach a slightly
higher level. But, we may suppose that the differences between age
groups are due, at least in part, to slight differences in the sample of
subjects.

We have taken here into account an index that corresponds to the
number of reinforcement in the matrix D : the number of sequences
differing from the two previous ones (NSD 2 ). It gives, in fact, the real
performance of subjects with D and it allows to assess their adaptation to
the variability requirements. During the second session, we observe a
significant increase of NSD 2 for all the age groups, but the percentages
of reinforcement (NSD 2 x 2) do not reach those obtained with the matrix
N (% CS) in first session (32% < 81.5% for the 5-6 y.o.; 50.86% < 88
% for the 9-10 y.o.; 77.5% < 95.62% for the 14-15 y.o. and 75.46% <
91.57% for the 18-24 y.o.). The youngests have more difficulties to
adapt themselves to the task in D. They are able to raise their variability
but they do not reach a good performance. Two hypothesis can be
proposed to explain this low performance : - either, they have not
perceived the modification of contingencies and the increase of
variability is only a by-product of the intermitence of reinforcement.
Either they have perceived the modification of contingencies but they do
not sufficiently master the functioning rules of the matrix task (notably
the visual informations) to systematically vary their sequences. Results
of an experiment carried out by BOULANGER (1986) lead us to reject
the first hypothesis (we shall come back to this experiment
subsequently) but present data are not enough to support
the second one. After 3 sessions, each subject had been asked what he
had done to succeed in the task and which functioning rules he had
discovered in each session; however, most often, subjects confounded
the 3 sessions or they did not recall what they had done in the first or
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second session. So, the responses obtained were unusable. (In other
respects, to question the subjects after each session, was likely to
influence the subjects behaviors in the ulterior sessions. It would be
interesting to make a specific experiment in which the experimenter
would observe and interact with each subject in order to gather
informations about the subject's mastery of functioning rules).
Adolescents have approximatively the same performance as adults and,
they all show a good adaptation to the requirement of variability. Except
for the 5-6 y.o., NSD 2 is higher in the third than in the first session,
suggesting that these subjects were influenced by their earlier behavior in
D. No inter-age groups difference does subsist here. Realization times
are not significantly decreased during the second session, but they are
during the last session. Times of latency are longer in D than in N for the
5-6 y.o.

- Variabili .
Matrix D leads to a significant increase of general variability (U(S))

This increase is due to the increase of the variability of correct sequences
(U(CS), NCS) for all age groups. The variability of incorrect sequences
stays nearly stable except for adults. The 5-6 y.o. have a higher U(IS)
than adults and adolescents and, like the 9-10 y.o., they produce more
different incorrect sequences than other subjects. In each session,
variability increases as a function of age. The 5-6 y.o. are more
stereotyped. Behaviors of adolescents and of adults are comparable from
this point of view. The matrix D influences the subsequent behaviors of
adults and adolescents. As mentioned above, their NSD 2 is higher in the
third than in the first session. They also produce more different correct
sequences. U(S) and U(CS) are higher (significant only for adults).

- Expgrimental group DRN

Figure 1.4. (p. 125) presents, for each index, mean values as a
function of session for each age group, in the group DRN.

-Perfo2rmanc:

- Matrix D : The % CS are similar, for all the age groups, to those
obtained during the first session in the experimental group NNN.
The number of reinforcements (NSD 2 ) increases as a function of age,
with adolescents and adults reaching comparable levels of performance.
The performance of the 9-10 y.o. is closer to the performance of the
older subjects in D in first session than in D in second session
(Experimental group NDN). For the youngests, the same comments as
for D in NDN can be made (difficulties to meet the requirements of the
task).
- Matrix R : Except for the 5-6 y.o., whose % CS stays stable, there is a
decrease of this index in R (significant only for 9-10 y.o. and adults).
The 9-10 y.o. again seem to be the most disrupted by the incoherence of
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visual cues (see NRN). They obtain fewer reinforcements than the 5-6
y.o. (but not significantly).
- Matrix N : The % CS is significantly increased in all the age groups.
These percentages are higher than those observed during the first session
(no significant for adults) and are similar to those of the third session in
NNN. In D, realization times are reduced as a function of age, with the
last two age groups reacting in the same way. The 5-6 y.o. complete the
sequences more quickly during the second session. Their MTR is
comparable to the one of the 9- 10 y.o. The adolescents and adults do not
behave very differently from each other, but adolescents have a slight
tendency to be more rapid. In N, realization times are decreased for all
the age groups. This index stays at a quite high level for adults, in
comparison with the values it reaches during the third sessions of other
experimental groups (significantly different from adolescents' MTR).
Times of latency are generally higher for the first two age groups.

- Vaibl :

- Matrix D : The 5-6 y.o. are the most stereotyped and the general
variability can as well be explained by the variability of incorrect
sequences as by the variability of correct sequences. Looking at the
number of reinforcements (NSD 2 ) that they receive, we may assume

that their behavioral variability is less structured (adapted to the
contingencies of D) than in older subjects. Adolescents and adults are the
most variable. The 9-10 y.o. behave in the same way, though they have
a superior U (IS). The global variability of these three age groups is due,
for the largest part, to the variability of correct sequences.
- Matrix R : Global variability decreases in R among adolescents
and adults (increase of % DS and decrease of U(S), U(CS), NSD 2 ,
NCS). The 14-15 y.o. become the most stereotyped and adults keep a
higher level of variability of incorrect sequences. The 5-6 y.o. and 9-10
y.o. stay at a higher level of variability (U(S)) than the older subjects
(significant only for the 9-10 y.o.), even if their % DS also increase.
The variability of incorrect sequences is particularly noticeable among
the 9-1Oy.o. and it goes in the same sense as their bad performance in R.
- Matrix N : For the last two age groups, the better performance is
parallell with an increase in the variability of correct sequences. The 5-6
y.o. become more stereotyped (similar level as in the third session in
NNN) and the 9-10 y.o. keep a high level of global variability. The
U(IS) of these 2 groups decrease while their performance improves,
but it stays significantly higher than in the last two age groups.

Experimental group RDN

Figure 1.5. (p.127) presents, for each index, mean values as a
session, for each age group, in the group RDN.

- Pefrmne:

- Matrix R : The 5-6 y.o. subjects do not seem to be influenced by the
incoherence of visual cues in the first session (% CS). They behave in
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the same way as with N or D in the first session, and they even obtain
the highest % CS. The most disrupted are again the 9-10 y.o., with the
lowest % CS The last two age groups also reach lower levels of
performance, in comparison with the other experimental groups.
-Matrix D The youngests keep a % CS similar to the one of the first
session. Among other subjects, the % CS increases greatly (significantly
superior to this of the 5-6 y.o.). Percentages of reinforcement (NSD 2 )

significantly rise in D except for the 5-6 y.o. The adaptation to the
requirement of variability shows a tendency to increase with age. But
this adaptation to matrix D does not seem as good here as in the other
experimental groups including D.

- Matrix N : During the third session, the 5-6 y.o. stay at the same
level of % CS as during the first session. The others reach higher levels
of reinforcement (> 90% CS), like in NNN (significantly superior to
this of the 5-6 y.o.). Times of realization and of latency decrease, for all
age groups, from the first to the last session. The 5-6 y.o. are always the
slowest (significant only for the sessions 2 and 3) and the 14-15 y.o.
are the fastest. Adults get the same levels as those obtained by the 14-15
y.o. in the third session.

_ariabi :
Matrix R : For all subjects, the variability of incorrect sequences

(NIS, U(IS)) is higher than the variability of correct sequences (NCS,
U(CS)). The 9-10 y.o. are significantly the most variable, with regard to
correct and incorrect sequences. The 5-6 y.o. and adults are the most
stereotyped. Parallel to their good performance (the best of all the age
groups), the youngests show the lowest variability of errors (significant
for U(IS) and NIS).
- MatrixfD : The variability of the 5-6 y.o. stays nearly stable, as well
for dominant sequence as for incorrect sequences. They produce more
often their dominant sequence and they are significantly more
stereotyped than the other subject, with regard to their correct sequences.
The 9-10 y.o. do not change their variability of correct sequences, but
strongly reduce that of incorrect sequences. This last point can explain
why they become globally less variable than in R. The sequences
uncertainty of the last two age groups increase (significantly for adults).
This increase is accounted for by the increase of the correct sequences
variability, since the incorrect sequences variability significantly
decreases among these two group.
- Mati.x N: In each age group, global variability and, particularly, the
variability of incorrect sequences is lower during the third session. The
uncertainty of correct sequences is lower in N than in D, for all
subjects, and it is a slightly lower than in R, for the first two age groups.
It is higher than in R for adolescents and adults. The 5-6 y.o. are the
most stereotyped with regard to their correct sequences and the most
variable with regard to their errors (significant for the following cues:
U(IS), NIS, U(CS)).
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4.3.1.2. Comparison of the Naive subjects' Behaviors as a function of Matrix
Tye and oLAge"

The results obtained with the matrixes N, R and D in first session
were compared in order to study the spontaneous behaviors of naive
subjects confronted with each type of matrix. In each age group, the
results of subjects who had received N in the first session (subjects
from experimental groups LNN, NLRN and IiDN) were put together in
order to compare their results with those of subjects who had received
R or D in first session (subjects from experimental groups RDN and
DRN). The general profile of results with N will be refered to in first
session as "global N" (GN).

For each index, means for each age-group and for each presentation
order of matrix type can be found in Appendix 1, tables 1.12 to 1.21,
pp 22-26.

Figure 1.6 (p 130) presents mean values of performance and
variability indexes for each age group and each matrix type, in the first
session.

For each index, Two-Way ANOVA (age X matrLx Me) in the first
session (see Tables 1.43 and 1.44 in Appendix 1, pp 48-49) was
completed: on one hand, by One-WayANOVA (ag..) and
Newman-Keuls tests for each matrix type (in first session) (see
Tables 1.53 to 1.62 in Appendix 1, pp 58-67) and on the other
hand, by One-Way ANOVA (matrixjvpe) and Newman-Keyls tests
for 5-6 y.o. or Kruskal-Wallis (matrix type) (X ) and
Mann-Whitney tests (U) for 9-10 y.o., 14-15 y.o. and adults (see
Tables 1.45 and 1.46 !n Appendix 1, pp 50-51). These last 2
non-parametric tests ('X 2 " and "U") were used when variances
were not homogeneous and when sizes of compared group were
too different.

Table 1.2 (p. 132) presents the DS distribution for each matrix type
and for each age-group.

- Adults:"

Results show that adults are very sensitive to environmental factors
and to particular contingencies of reinforcement:
- their percentage of correct sequences is significantly lower in R than
in N or in D. In the same way, variability of incorrect sequences
(U(IS) and NIS) is higher with R than with the two other
matrixes.This suggest that adults'behavior is disturbed by the
incoherence (random displacement) of light cues.
- they are able to adopt more variable behaviors, when contingencies
of reinforcement require it : the % DS is significantly lower in D and
the variability of correct sequences (U (CS) and NCS) is significantly
higher in D than in N or in R. They grasp the requirement of variability
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(NSD, is the highest in D) even if they do not receive as many
reinforcements as in N or in R.
- it is the task in N that takes the lowest time (as well for MTR as for
MTL). MTL are similar for R and D, but MTR is higher with R.
- dominant sequence types are differently distributed according to
mdtrix type. The differences can be attributed to the effects of R : with
this matrix, most subjects (73.7 %) prefer diagonal sequences as
DS,while in N and in D, they prefer comer sequences (72.1 % and 60
% of the subjects, respectively). These results suggest that when nn
visual cues are made available to subjects, they adopt a "motor
strategy", such as simple altemance of pushes on two buttons. When
the visual cues are made available, adults prefer to use visual
information, following the course of the moneybag on the matrix.
In D, adults have a slight tendency to choose more often other
sequences as DS (20 % of the individuals) than in N (13.1%). This is
probably an effect of the variability requirement-
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DOMINANT SEOUENCE TYPES

Uh 5-6 y.o 9-10 y.0 14-15 y.o AL)UM S
DS N=49 N= 57 N=56 N = 61

1 20 49 44 44
CORNER 40.80 86.00 78.60 72.10

2 21 4 4 9
DIAGONAL 42.90 7 7.10 14.80

4 3 8
OTHER 8.20 5.30 14.30 13.10

4 4 1 0
INCORRECT 8.20 1.80

AGE 5-6 y.o 9-10 y.o 14-15 y.o ADULTS
NS =17 N= 17 N=21 N= 19

1 0 0 1 1
CORNER 4.80 5.30

2 17 11 16 14
DIAGONAL 100 64.70 76.20 73.70

3 22 2
OTHER 11.80 9.50 10.50

4 4 2 2
INCORRECT 23.50 9.50 10.50

" 5-6 y.o 9-10 y.o 14 -1 )y.o ADULIS
N =49 N=57 N=56 N =61

20 49 44 44
CORNER 40.80 86.00 78.60 72.10

2 21 4 4 9

DIAGONAL 42.90 7 7.10 14.80

34 3OTHER 8.20 5.30 14.30 13.10

44 1 -- o

CORRECT 8.20 1.80
Tabe..2, : Absolute Und relative frequencies of DS types as a function of age, for each matrix type in the first session-
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JA-15 y.o. subjects
As a rule, adolescents behave in much the same way as adults. The

number and the variability of incorrect sequences are higher in R, and
the variability of correct sequences (U(CS), NCS and NSD2 ) is higher

in D (they obtain 71.7 % of reinforcements as the adults)
- though there is no significant difference between adults and
adolescents, the latters' tend to be more disturbed by the incoherence of
light cues (in R, they receive 65.6 % of reinforcements while the adults
receive 75.7 % of reinforcements).
- MTR is higher with R than in D or N.
- as for adults, the DS distribution differ according to matrix type. In
N and in R, we observe the same DS distributions as for adults.
However, in D, 61.9 % of the adolescents (against 20 % of the adults)
prefer to produce other sequences than corner or diagonal sequences.

9-I0y.o. subjects :
- As for the older subjects, the number and the variability of incorrect
sequences are significantly higher in R and the variability of correct
sequences is higher in D. Moreover, the variability of incorrect
sequences is significantly more important in D than in N and the
variability of correct sequences is significantly more important in R than
in N. This can explain why there is no difference between R and D with
regard to global variability. These effects can be explained by the
subjects' difficulty to adapt themselves to the particular constraints of
these matrices : in D, they emit more erroneous sequences and they are
less variable than older subjects (62 % of reinforcement against 71.7
%v for the adults and adolescents) and they are much more disturbed by
the random displacement of light cues (in R, 51.5 % of reinforcement
against 75.7 % for adults and 65.6 % for adolescents).
- MTR and MTL are lower in N than in R or D. In D, these subjects
are significantly slower than older and they also complete the sequences
more slowly than older subjects in N. No difference between age groups
in R is noted as this matrix takes more time to be solved by all subjects.
- in N and D, the DS distribution is approximately the same as for
older subjects (no significant difference). However, parallel to their bad
performance in R, there is a higher percentage of subjects who emit
erroneous sequences as DS (23.5 %) than among adults or adolescents
(9.5 %).

5-6 y.o. subJecs:
- the 5-6 y.o. are not very disturbed by the incoherence of the visual
cues in R. The % CS is similar in N (77.08 %) and in R (78.3 %). They
are the best performers with the matrix R and they tend to be the most
stereotyped. This lower behavioral variability in R can account for their
better performance.
- the 5-6 y.o. have the greatest difficulties to adopt more variable
behaviors when contingencies require it : their percentages of correct
sequences (76.9%) and of reinforcements (34.46 %) are significantly
lower than those of other subjects (even if they show themselves more
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variable in D than in N).
- in N, they also tend to be more stereotyped than other subjects
(however,difference between age-group is not significant). In fact, these
young children adopt quite constant behaviors, independently of the
particular conditions to which they are submitted.
- MTR and MTL are similar for the three matrices and the subjects are
always slower than the other ones.
- except in R, where the majority of subjects of all age groups emit
diagonal sequences as DS, the 5-6 y.o. also differ from other subjects
with regard to their choice of DS in N and D : they always emit more
diagonal DS. This observation concords with the remark made above
about the constancy of their behaviors in all situations. The motor
strategy that these children adopt most often allows them to by pass
difficulties, even though they do not master the functioning rules of each
matrix type... However, in some case - as in D - it does not help them
because of the few possibilities for reinforcement it offers.

4.3.1.3. Effects of Pre-training on Behavioral Variability
- The term "pre-training" is used here, not to designate the preliminary
phasis of training proper. It refers to the initial session or to the
previous sessions to which subjects have been exposed. For example,
"pre-training in N" means that a session in a given condition (N, R or D)
is considered as a function of the N condition prevailing in the previous
session(s).
- Let it be reminded that, for each index, means as a function of age and
of presentation order of matrix types can be found in Appendix 1, Tables
1.12 to 1.21, pp 22-26.

- Effect of pr=-training in N on behavior in N. D and R:
Results obtained with the matrices N, D and R, by the pre-trained

subjects in N, were compared. In each age group, the second sessions
of the experimental groups N.N, NBN and NDN were taken into
account.

Figure 1.7 (p. 135) presents the mean values of performance
and variability indices according to age and to matrix types, in the
second session (after pre training in N).

For each index, Two-Way ANOVA (age X matrix npe) in the
second session (see Tables 1.43 and 1.44 in Appendix 1, pp 48-49)
was completed : on the one hand, by One Way ANOVA (age and
Newman-Keuls tests for each matrix type in second session (see
Tables 1.53 to 1.62, in Appendix 1, pp 58-67) and, on the other
hand, by One Way ANOVA (maLijzp) and Newman-Keuls tests
for each group, in the second session (see Tables 1.47 and 1.48 in
Appendix 1, pp 52-53).

For adults and adolescents, differences observed between matrices
N, R and D in second session are similar to those observed in the first
session.
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The behaviors of subjects pretrained in N are not significantly
different from those of naive ones.

The significant differences observed for naive 9-10 y.o. subjects
between matrices N and R with regard to variability of correct sequences
(higher in R than in N) and between matrices N and D with regard to
variability of incorrect sequences (higher in D than in N), diminish and
are not significant for pretrained subjects.

While for the naive 5-6 y.o. subjects, no significant difference was
found between matrices N and R and between matrices R and D, for the
pretrained subjects, the % CS is significantly lower in R than in N or in
D, and the variability of incorrect sequences is significantly higher in R
than in N or in D.

For each matrix type and for each age group, comparison between
pretrained subjects (Figure 1.7, p. 135) and naive subjects (Figure 1.6.,
p. 130) enables to note the following tendencies (for example, in each
age group, the second session of the group NRN is compared to the first
session of the group RDN) :

For adults and adolescents, pre-training slightly increases the
performance and the stereotypy in N. It does not modify these subjects'
capacity to be more variable when contingencies require it and it tends
even to facilitate the performance of adolescents in R (they receive 14.5
% more reinforcements than naive subjects).

A similar facilitation effect of pre-training in N on the performance in
R, is found with the 9-10 y.o. (pretrained subjects obtain 16.05 % more
reinforcements than naive ones). In parallel, the stereotypy is slightly
higher in N and in R for pretrained subjects. However, for the 9- 10 y.o.
subjects, habituation to the task interfer with the capacity to adapt to the
variability requirement in D (pretrained subjects obtain 12.12% of
reinforcements less than naive ones, even though their % CS is 2.15 %
higher than in naive subjects).

These pre-training effects influence the way in which the 9-10 y.o.
differentiate themselves from other age groups subjects.

While in the first session, the 9-10 y.o. performance was
significantly inferior and while they were more variable in R as
compared to other subjects, they do not behave differently from others
with R in the second session. The reverse phenomenon is observed with
the matrix D.

Contrary to older subjects, pretraining in N has a disturbing effect on
the youngest children behavior in R. The performance of pretrained
subjects is inferior to that of naive ones (% CS : -19.7 %) and they are
also more variable. Thus, in second session, 5-6 y.o. subjects become
significantly less good performers than other subjects, while being the
best performers and the most stereotyped in R when it is the first
session.
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As for the 9-10 y.o., the pretraining reduces their variability in D.
However, it must be noted that this lower variability in pretrained
subjects is mainly due to the elimination of incorrect sequences. This
indicates that the lower variability of the younger subjects compared to
the older may be explained by a difficulty to master the task and its
constraint.

- Effect of pre-training in D (versus N) or R (versus N) on subseauent
behavior in R or D :
In each age group, the second sessions of the experimental groups

NRN and D&N (NDN and RDN) were taken into account. Figure 1.8
(p. 138) presents mean values of each index in R and D (second session)
as a function of age and of pretraining type.

No matter which age group is considered, the type of pretraining
(with D (versus N)or with R (versus N)) has no significant effect on the
behaviors observed in R or in D in the second session. However, we
can note the following tendencies:

Concerning the behaviors in R :
- For adults and adolescents, the pre-training with the matrix D seems

to have a stronger facilitation effect than with N, on the performance
in R. It also leads to a higher stereotypy in R. Such an effect seems
likely to be related to the good performance in R (as we have seen in
the other analysis including R). It seems unlikely that such an effect
can be attributed to the matrix D itself. So, pre-training in D would
help the subjects in finding more easily a satisfying solution in R.

- For the 9-10 y.o., the facilitation effect of the pre-training in D is less
marked than the one of the pre-training in N. Like naive subjects of
this age group, the 9-10 y.o. pre-trained with D, are less good
performers and most variable in R than others subjects, while there is
no difference between the 9-10 y.o. pre-trained with N and other
subjects. It seems that the request of variability during the first
session, does not help the 9-10 y.o. to find a good solution in R.

- For the 5-6 y.o., the disturbing effect of pre-training in D is less
important than the one obtained with pre-training in N. Subjects with
D in the first session behave in a similar manner as naive subjects in
R. This is probably due to the fact that when matrices are more
different from each other (it is the case between D and R), the
youngest subjects' behaviors are less influenced by their previous
behavior.

Concerning the b :
- Compared with the pre-training in N, the pre-training in R leads to a

slightly lower variability in D, for adults and adolescents (but the
differences betweeen naive and pre-trained subjects are very small).

- For the 9-10 y.o., the number and the variability of incorrect
sequences in D are higher after the pre-training with R than after N,
but the two types of pre-training effects are not different with regard
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to the variability of correct sequences (U(CS) and to the performance
(NSD 2 ) in D.

- The same phenomenon is observed among the 5-6 y.o.
- For these last two age groups, the higher number of incorrect

sequences after R, as compared to the number after N, probably
reflects their additional trials and errors to establish the new relations
between their pushes and the displacements of the bag.

- Effects of five different _Me-trainings on the behaviors in N
In each age group, the last sessions (N) of the five experimental
groups were compared.

Figure 1.9 (p. 140) presents mean values of each index in N (third
session) as a function of age and of pre-training type.

For each index, Two-Way ANOVA (age X Dre-training) in the third
session (see Tables 1.49 and 1-50 in Appendix 1, pp 54-55) was
completed: on one hand by one-way ANOVA (ag._) and
Newman-Keuls tests in the third session of each experimental group
(see Tables 1.53 to 1.62 in Appendix 1, pp 58-67) and, in the other
hand, by One-Way ANOVA (2r raiing) and Newman-Keuls tests
for each age group, in the hird session (see Tables 1.51 and 1.52 in
Appendix 1, pp 56-57). These statistical analysis concern only in the
last sessions (N) of the 5 experimental groups.

The statistical analysis does not reveal any significant effect of the
type of pre-training (NN, NR, ND, DR, RD) with regard to the
performance and to the variability of incorrect sequences, during the
last session. Only the effect of age is significant : in all the
experimental groups, the 5-6 y.o. have the lowest performance.

Generally, the first hundred trials mainly influence the correct
sequences variability.
- Adults, adolescents and 9-10 y.o. who have been submitted to the
matrix D during pre-training, show more variable behavior in N in the
last session. At least two hypothesis can be suggested : first, some
subjects having understood that several correct sequences can be used,
may vary during the last session so as to interrupt the task monotony
(but if it were the case, subjects in the group NNN; would be expected
to have adopted the same behavior in the third session); secondly, it is
quite possible that the higher variability appears in the beginning of the
last session only, before the subjects notice the modification of
contingencies i.e. to return to N condition. The pre-training which leads
to the most variable behaviors in N is ND, followed by RD, for adults
and adolescents. For the 9-10 y.o., it is DR followed by RD. The
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pre-trainings which lead to the most stereotyped behaviors during the
last session are NN and NR.

- For the 5-6 y.o., the behaviors in N are not modified by a particular
type of pre-training. They are the most stereotyped in all the
experimental groups. Except the last session of the experimental group
DRN, in which the 9-10 y.o. are the most variable, adults and
adolescents are the most variable during the last sessions. However, no
significant differences between age groups for the experimental groups
NNN and NRN are noted.

4.3.1.4. Intra-sequence organization : Conditional Uncertainty of each response.
as a function of age and of matrix type :

In order to estimate the organization of behavior of subjects of each
age group when they are faced with each matrix type, an other index has
been computed : the Conditional Uncertainty of each reponse within the
sequence (U (Rs)). This "j=ra-sequence" analysis enables to estimate
the way the subjects regulate each of their responses as a function of the
previous responses, in order to produce correct sequences (6 responses
with 3 responses on each response button).

The conditional uncertainty of one response 2L is an estimate of the
possibility to predict 2L according to the -I responses (pre-sequence s)
already produced within a sequence:

2 k
U ( Ri/s) = X pi P(Ri/sj) log 2 p(Ri/sj),

i=l j=l

with - pi = the probability of the response i (Ri )

p (Ri/s j ) = the conditional probability of Ri , according to the

pre-sequence sj
k = the number of possible different pre-sequences i-I

For the first response, simple uncertainty U(RI), (not Conditional
Uncertainty) is computed because, in this case, there is no pre-sequence.

The U(R I) and U(Rs) which are presented in Appendix 1 (Table
1.22 p 27), are means computed on the set of subjects' results for each
age and each matrix type, in the first session.

Responses of correct and incorrect sequences are taken into account.

During the first session, for each matrix type (GN, R and D) and for
each age group, a decrease of the conditional uncertainty of the
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each age group, a decrease of the conditional uncertainty of the
responses U(R/s), from the first to the sixth response is observed (see
Figure 1.10, p. 142).

1 5-6 Y0 -YG
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Fig. 1. 1O. Mean values of U(RI) and U(R/S) as a function of
age and of matrix type, in the first session

It seems possible to distribute the six responses into two "units".
Within the first "unit", grouping the first three responses, subjects can
push on any of the 2 response-buttons without taking into account the
previous responses. On and after the fourth response, subjects have to
take into account their previous responses to be sure of success. These
last three responses constitute the second "unit". The first "unit" can be
considered as the element of variation of the sequence; the second unit,
can be viewed as the element of regulation of the sequence (to complete
a correct sequence). U(R6/s) is never equal to zero, because there are
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always, at least, some incorrect sequences.
The form of the curves and the differences between age groups vary

as a function of matrix type. Globally, U (R/s) analysis confirms the
features already described.

For the matrix N and for the age groups, U(RI) is never maximum
and U(R/s) decreases rapidly, to tend to zero with the last response.
U(R/s) is always highest in 5-6 y.o. for the last three responses
(elements of regulation), parallel to their highest level of incorrect
sequences.

U(R1), U(R 2/s) and U(R 3/s) are similar in N and in R for adults, but
these subjects keep more variable behaviors in R for the last three
responses (more incorrect responses.) The reverse phenomenon is
U(R1) is near the maximum and U(R/s) decreases more slowly with
regards to the first 3 responses. Then it decreases more rapidly to reach
the same U(R 5/s) as in R and the same U(R6 /s) as in N. The distinction
between the two sequence units appears, thus, very clearly : subjects
especially vary at the beginning of the sequence, but are able to adjust
their responses in the second sequence unit to produce correct
sequences.

Adolescents' behavior is not fundamentally different from the adults'
one (they are just a little more variable in R).

The 9-10 y.o. are, on the contrary, as variable in R as in D up to R4.
They keep high levels of U(R/s) for the last two responses, showing
their incapacity to adjust their behaviors under these contingencies. Their
U(RI) and U(R/s) are always higher than those of other subjects
(confirming our previous analyses).

After their first push, the 5-6 y.o. quickly become more stereotyped
than other subjects in R and in D. This goes in the same sense as their
great % DS in R (diagonal sequences). In D, like in N, their U (R6/s)
stay higher than in other age groups.

U (R/s) for the second and the third sessions are not presented,
because the results do not significantly differ from those already
described.

4.3.1.5. Performance and variability gs a function of sex of subjects.

For each index, means as a function of age and of sex, in the first
session of the experimental groups NNN, RDN and DRN can be found
in Appendix 1, Tables 1.12 to 1.21, pp 22-26.

In each age group, for each index, Two-Way ANOVA (ematrd
O) were used in first and second session and Two-Way ANOVA
(sex x Dre-training) were used in third session.
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An effect of sex is observed in the first session only and for 9-10
y.o. and adults only.

Among the 9-10 y.o., the effect of sex is significant for the % CS
(F(1,90)=4.544, p=.036), for NIS (F(1,90)=4.935, p=.029) and the
number and the variability of incorrect sequences are higher for boys
than for girls. The 9-10 y.o. boys are thus less able performers than
girls and they are more variable in their errors.
The same phenomenon can be observed among adults, for NIS
(F(1,99)=4.22, p=.04) and for U(IS) (F(1,99)=5.94, p=.02)
Moreover, NCS is here lower for females than for males (F(1,99) =
5.387, p =.02) in N and in R (this is particularly marked in
N). This last difference is not found in D. Females show, thus, a
tendency to be more stereotyped than males, except when
reinforcement contingencies require variability.

- There is no significant difference related with sex with regard to DS
distributions.

4.3.1.6. Performance and vaiability of adults. as a function of school training.

For each index, One-Way ANOVA (Scool rajing) were used in
GN (grouping the first sessions of experimental groups NNN, NRN
and NDN).

NO relation can be established between study type ("humanities,
"neutral", "scientific") on one hand and performance and variability in
N on the other hand .(a detailed list of study types can be found in
Appendix 1, Table 1.1, p 11).

4.3.2. COGNiTIVE TASKS

4.3.2.1. Description of results for each cognitive tasks in each age group

- Adult subjects (n=l00)
- Non-perceptual serial classification

The mean number of successful items, on the 6 ones proposed, is

4.73 (a = 1.27). 61% of adults correctly complete 5 or 6 items and 37%
complete the totality of items (see Table 1.3)

These results are similar to those obtained by Botson and Delige
(1976).

There is no difference due to sex or to yp of study.
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ge groups
Adults 14-15 y.o.

number\
Of

rrect items (n =100) (n =98)

o-2 6 11
6.00 11.20

3-4 33 33
33.00 33.70

5-6 61 54
61.00 55.1G

Table 1.3 Adults and 14-15 y.o. absolute and relative frequencies of subjects in each of 3 classes
of performance (based on number of correct items at the non- perceptual serial classifications task).

-Permutations :
70 % of adults adopt a systematic procedure to produce the totality of

permutations (with 3, 4 and 5 elements), are able to understand the
calculation principle and to apply it to any number of elements (see Table
1.4.).

There is no difference due to sex or to Me of matrix.

ge groups
Adults 14-15 y.o.

categories (n = 100) (n = 98)

1 7 28
7.00 28.60

2 7 12
7.00 12.20

3 16 26
16.00 26.50

4 70 32
70.00 32.70

Table 1.4 Adults and 14-15 y.o. absolute and relative frequencies of subjects in each of 4
categories of performance in the permutation task (cat. I = lowest performance).

145



- Group Embedded Figures Test (GEFT)
With regard to the field dependence or independence (cognitive

style), the mean correct item on the 18 items proposed at the GEFT is
13.95 (Y = 3.89). This mean is approximatively the same as the mean
(14) obtained by the sample of subjects, that was used to standardize the
French version of the test. One third of adults can be considered as very
field- dependent (see Table 1.5).

ge groups
Adults 14-15 y.o.

number
ofrrect items (n= 100) (n =98)

o- 12 30 58
30.00 59.10

13-16 37 31
37.00 31.60

17-18 33 9
33.00 9.20

Table 1. Adults and 14-15 y.o. absolute and relative frequencies of subjects in each of 3 classes
of performance (based on number of correct items at the GEFT).

As has already been observed in the other studies concerning this
cognitive style, women are significantly more field dependent than men :
23.1 % of Yomen succeed in 17 or 18 items, as compare to 39.3 %
of men ( X = 6.0758, df = 2, p = .0479).

The =p. of study- is also significantly related to cognitive style:
46.7% of "Scientific" subjects succeed in 17 or 18 items, as compare to
22.1% of "neutral" subjects and 21.1 % of "humanities" subjects.
(X = 12.347, df = 4, p = .0149)

14-15 y.o. subjects (n--98)

Classification tasks (Level 1):

It is reminded that :

- Level J : classification task includes 8 elements, which can
be dichotomized according to 3 criteria.

- Level 11: classification task includes 16 elements, which can be
dichotomized according to 6 criteria.
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Only 27.6 % of adolescents spontaneously produce a multiplicative
classification.

In the second part of the task (imposed successive dichotomies), they
produce, on average, 5.74 correct dichotomies (a =.56).

In the third part (imposed successive multiplicative classifications)
they produce 6.66 correct multiplicative classifications ( a =3.22).
80.6% of these subjects produce the totality of the 6 possible
dichotomies and 12.2% produce between 11 and 15 multiplicative
classifications (see Table 1.6).

While 56.1 % of the subjects adopt a systematic procedure to
produce their multiplicative classifications (they choose one dichotomy
criterion that they cross with the other ones and they do h - "ame with a
second, then with a third ... dichotomy criterion), 25.5 % of the subjects
seem to produce their different classification at random.

14-15 y.o. 
9-10 y.o.

number

correct classifications (n = 98) (n = 91)

o-5 39 74
39.80 81.30

6-10 47 15
48.00 16.50

11 -15 12 2
12.20 2.20

Table 1i.6 14-15 y.o. and 9-10 y.o. absolute and relative frequencies of subjects in each of 3
classes of performance (based on number of correct multiplicative classifications (evel ED).

- non-perceptual serial classification :
The mean number of successfull items, on the 6 proposed, is

4.37 (a = 1.46). 27% of adolescents correctly complete the totality of
items, to 37% of adults. However, subjects' distributions do not differ
significantly (see Table 1.3, p. 145).

- prut[ins
Adolescents are not as good performers as adults : only 32.7% of

subjects (compared to 70% of adults) know the permutations calculation
principle and are able to produce systematically the totality of
permutations. Adults' dis ibution and adolescents' distribution are
significantly different ( XL - 30.4365, df = 3, p = .000), (see Table
1.4, p. 145).
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The difference between adults and adolescents can be attributed, in
part, to a sample effect : one part of the adolescents will follow studies at
University. So, probably, other factors than age could explain the
difference of performance.

The mean number of correct items at the GEFT is 10.85 (a = 4.70).
Adolescents are significantly more field dependent than adults (see Table
1.5, p. 146) (X2=24.08, df=3,p=.000).

There is no difference linked with NA, in the four cognitive tasks.

- 9-I0 y.o, subj t. (n = 91).

- Multizlicative seriation task
A great majority of subjects can arrange the elements according to the

two dimensions, but only successively. (see Table 1.7).

Age groups
9-10 y.o

categones (n = 91)

1 8
8.80

2 62
68.10

3 21
23.10

Table 1.7 9-10 y.o. absolute and relative
frequencies of subjects in each of 3 categories
of performance in the multiplicative seriation
task (cat. 1 = lowest performance).

Classification tasks (Levels I and II):
18.7% of the 9-10y.o. subjects spontaneously produce a

multiplicative classification in the Level I task, compared to 16.5% in the
Level II task (27.6% among the adolescents). Differences between the
9-10 y.o. and the 14-15 y.o. for the Level II task are not significant.

The subjects produce on average, 2.5 dichotomies (o = .70),

(maxima 3) and 1.98 multiplicative classifications (a = 1.04), (maxima
: 3) in the Level I task. 61.5% of subjects produce the totality of the
three possible dichotomies and 39%, the totality of the three possible
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multiplicative classifications (compared to 69% of the 8-9 y.o. subjects
observed by Piaget and Inhelder (1967, p. 211)).

In the Level 11 task, they produce an average of 5.26 dichotomies
(a = 1.00), (maxima : 6) and 3.65 multiplicative classifications ( =
2.66), (maxima: 15) compared to 5.74 and 6.66 among the 14-15 y.o.,
respectively. 56% of subjects produce the totality of the 6 possible
dichotomies and 2.2%, between II and 15 multiplicative classifications
(compared to respectively, 80.6% and 12.2% among the 14-15 y.o.),
(see Table 1.6, p. 147). Diffe rnces between the 9-10 y.o. and
adolescents are here significkt (X =12.1447, df = 1, p= .0005, for the
dichotomies number; X1 = 34.287, df = 2, p = .000, for the
multiplicative classifications number).

Girls produce a significantly higher number of Level 11 multiplicative
classifications than boys: 68.9% of the girls produce from 0 to 5 correct
multiplicative classifications and 28.9% execute from 6 to 10, compared
to 93.5% and 4.3% , respectively, for the boys ( X2 = 10.0028, df=
2, p = .0067).

- Percepual serial classidlcation
The mean of successfull items on the 3 ones proposed, is 2.04

(a =.94). 40.7% of subjects succeed in the totality of items (see Table
1.8.). In Botson and Deli~ge's results (1976), 30% of the 9 y.o.
subjects and 60% of the 10 y.o. subjects succeeded in the 3 items.

! " Age groups

9-10 y.o. 5-6 y.o.

orrect items (n = 91) (n = 67)

0-1 28 41
30.80 61.20

2 26 19
28.60 28.40

3 37 7
40.70 10.40

Table 1.8 9-10 y.o. and 5-6 y.o. absolute and relative frequencies of subjects in each of
3 classes of performance (based on number of correct items at the perceptual serial
classifications task).
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- IncluLion task
All subjects, except one, correctly solve the inclusion problem.

- 5-6 y.o. subjects (n = 67).

- Simple seriation task :
44.3% of subjects produce a correct seriation (with or without the

direct insertion of the remaining element).

- Classification task (Level I):
In the first part of the task (spontaneous classification), 17.8% of the

5-6 y.o. subjects do not produce a real classification, while 82.2% of
them succeed. Only 3.9% of the latter subjects produce a multiplicative

classification. They make an average of 1.25 dichotomies (a = .77) and

.29 multiplicative classifications ( a = .558) (compared to 2.50 and
1.98, respectively, for the 9-10 y.o.).

Only 6% of them produce the totality of the 3 possible dichotomies
and 1.5%, for the totality of the 3 possible multiplicative classifications
(compared to 61.5% and 42.9%, respectively, for the 9-10 y.o.).
Differences between the two age groups concerned are found to be
significant 9X2 = 50.5883, df = 1, p = .000, for the dichotomies
number; X = 34.921, df = 1, p = .000 for the multiplicative
classifications number).

64.6% of the youngest subjects make 0 or 1 dichotomy only and
74.7% do not produce any correct multiplicative classification.

- Perceprual serial classification :
The mean number of successful items, on the 3 ones proposed, is

1.0 ( a = 1.01) ( 2.04 for the 9-10 y.o.). Only 10.4% of subjects
succeed in the totality of items (compared to 40.7% of the 9-10 y.o.)
(see Table 1.8, p. 149). The youngest subjects performance is thus
significantly different from that of the 9-10 y.o. (X2 = 20.827, df = 2, p
= .000).

ILlusion tsk
Only one subject solves the inclusion problem.

There is no difference related to Ex, in the four cognitive tasks.
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4.3.2.2. Relations between cognitive tasks:

In each age group, results of each cognitive task were put in relation
with the results of each other. Statistical analysis (correlations) were
used only when results could be considered as measurable variables
(which was not the case for permutations task, spontaneous
classifications or seriation tasks).
- For adults, no relation has been found between the results of each

cognitive task.
- For, adolescents, the performance at the non-perceptive serial

classification task is positively correlated with the number of correct
dichotomies (p = .3930, p < .001) and with the performance at the

GEFT ( p = .3003, p < .01).
- For the 9-10 y.o., the number of level I correct dichotomies is

positively correlated with the number of correct multiplicative

classifications, produced on the same elements ( p = .3081, p< .01)
and the performance at this task is itself positively correlated with the

number of Level II correct multiplicative classifications ( p = .5595,
p < .001).

- For the 5-6 y.o., as for the 9-10 y.o., the number of dichotomies is
correlated with the number of multiplicative classifications ( p =
.3013, p < .01). For these subjects, the number of dichotomies is
equally correlated with the performance at the perceptive serial
classification task (p = .5059, p < .001).

4.3.2.3. Relations between cognitive task results and performance and variability
indices in N in first session. :

Only the results of subjects who had been submitted to the matrix N
in the first session were taken into account (61 adults, 57 adolescents,
57 "9-10" y.o. and 49 "5-6" y.o.).

The results of subjects who had received R or D in first session were
not taken into account, because of the limited number of subjects in
some groups (for example, among the adults, there are only 4 subjects
with D in the first session, who succeed 3 or 4 serial classification items
(second category)).

In each age group, One Way Anova and Newman-Keuls procedure
were used for each performance and variability indices (in GN), as a
function of performance in each cognitive task (groups have been
made from categories used in the treatments of data). Correlations
were also used when tasks results could be considered as
measurable.

Whatever the age group, the statistical analysis reveal no relation,
between the subjects' performance cognitive tasks and their performance
or variability in N in first session.
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4.4. CONCLUSIONS OF EXPERIMENT 1

To conclude, it is appropriate to review the main results of
Experiment 1 with the questions it was addressed to in mind :

1. Does contingent reinforcements produce stereotypy, even when this
last one is not required ?

2. What is the role of the information given by the environment ? What
is the role of visual cues ? Do they influence the sequence form ?

3. Is it possible to induce behavioral variability ?
4. Which role is played by the individuals' experimental history,

depending upon the situations they have been experiencing ?
5. Are there relations between subjects' cognitive capacities, their

cognitive style (field dependence/independence) and their
performance and variability at the Visual Matrix task ?

The major results can be stated as follows :

1. In the normal situation (N), results indicate that the mastery of the
task is increased as age increases and they confirm the observations
made in previous similar works with College students or with
children, concerning the establishment of a stereotyped behavior as a
function of the number of trials (Boulanger, 1983; El Ahmadi, 1982;
Schwartz, 1982c; Wong & Peacok, 1986). It is important to note
that, even in the third session, stereotypy never becomes complete.
Individuals of all age groups always make several different correct
sequences.
If the overall spontaneous variability is approximatively the same for
all age groups, its components are evolving with age : the youngest
subjects produce the same number of different correct or incorrect
sequences but the number and the variability of different corect
sequences increase with age while these of incorrect sequences
decrease.

2. The visual cues play an important role in the behavioral organization
of the subjects of the older three age groups. The random
displacement of visual cues disturbs them and increases the incorrect
sequences variability. This disturbing effect diminishes as age
increases.
On the contrary, the visual cues do not seem to influence the behavior
of the 5-6 y.o., who are the best performers and the most stereotyped
with the random matrix R.
The analysis of the types of dominant sequences used by subjects
and of their distributions can help in evaluating the role of visual cues
and their influence on the sequence form. On one hand, 100 % of 5-6
y.o. prefer to produce the diagonal sequences in R and also, with the
other matrix types. In fact, the use of such a motor strategy allows
them to conclude correctly a sequence without any comprehension of
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the movemcnts of the visual cues. On the other hand, older subjects
also use the two diagonal sequences as an adapte& strategy in R. But,
when visual landmarks are available, these subjects - contrarily to the
5-6 y.o. - prefer to use the corner sequences and the other correct
sequences. The corner sequences seem easier to follow visually on
the matrix. The use of these sequences indicates that the subjects
understand the relation between their responses and the movements
of the visual cues . It is an optimal strategy to maximize outcome
when confronted to the normal matrix. This could also be the case of
the diagonal sequences, but for the three older groups, the visual
feedback plays an important role in the choice of responses. They do
not produce combination of motor responses but "ways" to reach the
goal-window.

3. Results indicate that it is possible to induce behavioral variability.
When reinforcement contingencies demand it, adults and adolescents
produce much more variability (even a little more than what is
required). It revealed more difficult to induce correct variability
among the 9-10 y.o. and, particularly, among the 5-6 y.o.
It seems that the low performance of these last subjects cannot be
attributed only to an incomprehension of the variability requirement
(their variability is slightly higher in D than in N) and to the
intermittence of reinforcements (by-product of the decrease of the
number of reinforcements). It seems to be tied with the incapacity to
master the rules (notably, the incapacity to master the visual
informations to produce other correct sequences than corner or
diagonal sequences).
Results of an experiment carried out by BOULANGER (1986),
support this hypothesis. This author presented to subjects o 5-6 y.o.,
9-10 y.o. and 14-15 y.o. a task (the Pyramid task) the basic
principles of which were similar to those of the Visual Matrix task.
The main difference consisted in the fact that all the combinations of
6 responses were available (there is not a maxima of three responses
on each button). There were 64 different sequences and no incorrect
sequence. The bank building wasreplaced by an Egyptian pyramid.
Three different types ol situation were used :
1) Normal pyramid : All the sequences were reinforced.
2) Lag pyramid : ^ sequence was reinforced if it was different from
the 10 previous ones.
3) Yoked control pyramid : Each subject belonging to this group
was paired with a subject of the Lag pyramid group. These subjects
received the same number of reinforcements, in the same order,
independently of the sequences they had chosen to produce.
The results indicated that during the first session, the mean
Uncertainty for children (5-6 y.o.) of the Yoked group was
approximatively equal to that for children of the Lag group. The
difference between Lag and Yoked control group increased with age
(the mean Uncertainty for 14-15 y.o. of the Lag group was
significantly higher than that for 14-15 y.o. in the yoked group)
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while the difference between Yoked and Normal group decreased
(the mean Uncertainty for children of the Yoked group was higher
than that for children in the Normal group). During the second
session, the Uncertainty for children of the Yoked group was clearly
lower than that for children of the Lag group and it was equal to that
of the children of the Normal group.
As noted by BOULANGER (1986), from the comparison between
the results obtained with the pyramid and those obtained with the
matrix, we can say that youngest subjects do preceive the
contingencies of reinforcement and the necessity to vary (even if it is
more slowly than the older subject) and that the higher variability of
the Lag group (or in the matrix D) is not a by-product of the
intermittence of reinforcements but seems to be operant variability
proper.

4. A previous experience of reinforcement has a falicitation effect on the
performance in R, for adults, adolescents and, particularly, for the
9-10 y.o., showing that visual cues coherence is less important when
subjects have already awareness of reinforcement rules The reverse
effect is observed for the 5-6 y.o.; this could hypothetically be related
to a general lack of plasticity among these young children. During the
training, they could have incidentally learned the coherent relation
existing between thedisplacements of visual cues and the
reinforcement. So, they could have difficulty leaving this relation out
of account when the situation has been modified and to change their
behaviors in consequence.
A previous exposure to N does not prevent adults and adolescents
from adopting a more variable behavior when contingencies require
it, and a greater variability during previous exposures tends to
increase the variability in the normal situation (proactive effect of the
variability "training").

In short, parallel to the increase of the performance and of the
variability with age, it seems that the capacity to adopt adapted
behaviors (more or less variable, but efficient) to the present
environmental contingencies, also increases as a function of age.
This capacity appears low among the youngest subjects. It begins to
appear among the 9-10 y.o. (they are sensitive to the variability
constraint, but they do not vary their behaviors in an optimal way;
they have difficulty leaving the visual cues out of account in R. The
observation of these subjects in R, has shown that they try to find a
coherent relation between the displacement of visual cues and their
pushes on the buttons). On the other hand, the capacity to
differentiate one's behaviors is well developed among adolescents
and adults. The older subjects tend to better optimize their behaviors,
according to the present situation (more stereotyped in N and in R,
when variability is not necessary for reinforcement; more variable if
variability must be produced).
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5. The results relative to the cognitive tasks reflect the capacities of
"abstractness" as well the "mobility of thought", specific to each age
group. Classification tasks (successive dichotomies and successive
multiplicative classifications) show that mobility of thought and
capacities of anticipation and of "abstractness" (in other words, the
subjects' capacity to consider all the possible criteria of classification,
the capacity to successively modify their arrangement according to
these criteria, and the capacity to take simultaneously into account
two criteria of a same element) increase as a function of age (5-6 y.o;
to 14-15 y.o;). Seriation tasks give the same results, for the 5-6 y.o.
and the 9-10 y.o.
This parallel evolution of operative capacities in two of the
elementary logical structures (classification and seriation) confirms,
as expected, what has been described by Piaget and Inhelder (1967).
The acquisition of these capacities is typical of the subjects'
accession to the concrete operative stage, as does the comprehension
of the inclusion quantification (the quasi-totality of our 9-10 y.o.
subject understand it ).
The performances obtained with the perceptual serial classification
task confirm these observations (the 9-10y.o. are able to consider
simultaneously several classification criteria, while this is the case
only for a few exceptional subjects of 5-6 Y.O. (only 10.40% of the
5-6 y.o. subjects have succeeded the 3 perceptual serial
classifications, compared to 40.70% of the 9-10 Y.O. subjects).
Classification task of Level II indicates that the mobility of thought
still increases among the 14-15 y.o. But the non-perceptual serial
classification task shows that it stays at a similar level among adults.
Adults and adolescents differ in the permutation task. Adults are
better performers in this formal type task, implying the capacity to
make operations on operations and the capacity to consider in thought
all the possible combinations (combinatory operations). Adolescents
would not sufficiently master the formal logic to take into account the
totality of the possible relations between the elements of a system
(however, as noted before, this difference between adults and
adolescents could not only be explained by an effect of age).
With regards to the cognitive style, the 14-15 y.o. are more field
dependent than adults. In the two age-groups, females are more field
dependent than males. The analytic attitude in a problem solving task
would be more developed among adults and, particularly, among
males.

Within each age group, subjects have been differentiated according
to their cognitive capacities (and according to their cognitive style for
adolescents and adults). However, no matter which age group is
considered, no difference is found in performance and variability at the
Visual Matrix task (with N in first session), as a function of the subjects'
cognitive capacities or, for the adolescents and adults, as a function of
cognitive style).
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This experiment leads to consider behavioral variability as an inherent
dimension of behavior, sensitive to contingencies of reinforcement, just
like any other dimension of behavior.
Moreover, it suggests that the capacity of adaptation is function of the
potentialities for variation. These potentialities themselves depend on the
mastery of a set of basic behavioral units. The capacity to vary his
behavior and to master the functioniong rules (in the case of the tasks
used) is limited by the subject's general developmental level but it cannot
be confounded with the subject's cognitive style or the subject's"mobility of thought".
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CHAPTER 5

- EFFECT OF A VARIABILITY TRAINING ON
THE SUBJECTS' ADAPTATION IN A NEW

SITUATION

- VARIABILITY AND EDUCATIONAL
BACKGROUND

-EXPERIMENTS 2 AND 3-
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5.1. EXPERIMENT 2

5.1.1. AIMS OF EXPERIMENT 2

The first experiment has confirmed and further documented the
observations made in previous similar works concerning the
emergence of stereotyped behavior as a function of the number of trials.

It has also shown that, when reinforcement contigencies demand it,
adults and adolescents produce much more variability, and that a
greater variability induced by a previous exposure to favourable
conditions (matrix D) seems predictive of high variability in the normal
situation when this is reinstated later on.

These results would suggest that a training that would induce the
subjects to produce a very variable behavior (as opposed to a training
that would lead to stereotyped behavior), would facilitate the subjects'
adaptation to situations where they would have to modify their behavior
in order to solve a problem.

As noted in Chapter 2.4, it could also be hypothetized that some
socio- cultural factors would have effects on behavioral variability.

In the first experiment, it had been hypothetized that some cognitive
factors (as "mobility of thought "or "field-dependence/independence")
could be related to the performance and the variability in the Visual
Matrix task.

This hypothesis has not been confirmed by the results. This could be
due to the particular aspects and measures of cognitive capacities and
styles that have been used. It seemed advisable to verify if the lack of
relation between these cognitive factors and the behavior in the Visual
Matrix task was confirmed when another type of matrix situation was
taken into account and when another type of population was concerned.

In summary, the following questions were considered :

I. To what extent can subjects vary their behavior to adapt themselves
to a situation that requires variability ?

2. Does variability training facilitate the subjects' adaptation in a
situation in which only three sequences (among the twenty correct
sequences available) are reinforced ?

3. Are the subjects' behaviors different depending upon their type of
educational background on one hand, and their "mobility of thought"
and cognitive style, or the other hand ?
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5.1.2. MET-OD

5.1.2.1. subects:

53 male subjects were selected and distributed into two age groups:

1. Technical School adolescents - 3th grade - (n=31) ranging in age
from 14-3 to 16-1, with a mean of 14-11 years of age. The subjects
were issued from two schools for manual workers
(electro-mechanics).

2. Adults subjects (n=22) ranging in age from 18-4 to 23-5 with a mean
of 21-4 years of age. They were issued from an industrial training
center (training for lathe operators and metal fitters). All these
subjects had previously received the same training in the same type
school as the adolescents, before being trainees at the industrial
training center.

5.1.2.2. Materials and procedures:

- Visual Matrix task:
Four matrix types were used : Normal Matrix (N); 2 matrixes with

differential reinforcement (D and D 10 ) and Matrix with prescribed
sequences (C) (see description pp ).

Subjects of each age group were randomly distributed into two
experimental groups and they were individually submitted to five
sessions of 50 trials each, in their educational environment (two
successive sessions on the first day and three successive sessions on the
next day).

Subjects of our sample were distributed into the 2 experimental
groups as showed in the Table 2.1.

xpe lgroups NNNCN NDDIOC N TOTAL

ADOLESCENTS 15 16 31

ADULTS 11 11 22

TOTAL 26 27 53

Table 2.1 : subjects' distribution in each age group and in each experimental group.
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o- niiX .task.
Subjects of both age groups were individually submitted to the

following ,asks:
1. Non-perceptual serial classification task.
2. Group Embedded Figures test (GEFT) (field dependent/independent

cognitive styles).

5.1.3. RESULTS

5.1.3.1. Visual Matrix task:

The ten indices selected to provide optimal information about
performance and behavioral variability have been defined pp 81-83
Means and standard deviations of each index, for each experimental
group, as a function of age and of session can be found in Appendix 2
(Tables 2.1 to 2.4, pp 72-75)
Like in experiment 1, Dominant Sequences (DS) distributions as a
function of session and of age, in each experimental group, were
analysed.

5.1.3.1.1. Effects of age and of session in each exerimental groupp

- Student T-tests for related samples were used to compare the values
of each index, along the 5 sessions,for the same experimental group
and the same age group (see Tables 2.9 to 2.12 in Appendix 2, pp
80-83).

- Student T-tests for independent samples were used to compare the
values of each index as a function of the two age groups, for the
same session of the same experimental group (see Tables 2.13 and
2.14 in Appendix 2, pp 84-85).

- Experimental group N N N C N

Figure 2.1. (p. 162) presents, for each index, mean values as a
function of session, and for each age group, in the group NNNCN.

pzerformanc :
For all subjects, there is an increase of the %CS from the first to

the third session, in which, they eventually reach a very high level of
% CS(>90%).

The Matrix C produces a significant decrease of the performance
(NSC (X2) indicates that the adults and the adolescents receive 46.36%
and 47.33% of reinforcement, respectively). This low performance can
be explained (especially for adults) by the increase in number of
incorrect sequences on one hand, and by the number of trials which
were necessary to find out one of the appropriate sequences, on the other
hand. The %C.S. returns to a very high level during the last session.
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Neither for adults nor adolescents, any significant modificaton of the

correct sequences variability from the first to the third session is
observed.
Parallel to the evolution of the performance (% CS) along the first three
sessions, a significant decrease of the incorrect sequences variability is
noted (NIS and U(IS)). For these sessions, adolescents have a slight
tendency to be more variable than adults (significant only for NCS in the
first session). Distributions of D.S. types are approximatively the same
for adults and adolescents, in the three sessions. Corner sequences are
choosen by the majority of subjects (Table 2.2, p. 164).

The Matrix C entails an increase of the variability of incorrect
(NIS and U(IS)) and correct sequences (adolescents : significant for

NCS; adults: significant for NCS and U(CS)).
These effects are much more pronounced for adults. So, having been
placed in a situation that tends to induce stereotypy, the subjects adopt a
more variable behavior in order to bring a solution to the task. The
significant increase of NSC between the third and the fourth session
indicates that, in general, subjects adapt themselves to the constraint of
the task. Distributions of DS types in C support this view (Table 2.2).
However, as mentioned earlier, the low performances indicate that they
need much more trials to adjust themselves to the new constraints.

In the last session, the number and the variability of incorrect
sequences are significantly lower than in the other sessions. Adults
become more stereotyped than during the first three sessions.
Adolescents keep a relatively constant level of variability as compared
with the first sessions. In general, the variability indices and the
distributions of D.S. types indicate that the majority of subjects keep
a sufficient level of variability to perceive the possible modifications
of the situation and to be able to change their D.S. if the situation
requires it.

In short, while there is no difference between the 2 age-groups with
regard to performance, adolescents tend to be spontaneously more
variable and they seem less disturbed by the modifications of
contingencies than adults.
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AGE D.S. N N N C N

1 11 8 7 1 6
Comer 73.3 53.33 46.66 6.6 40

2 2 5 5 4 4
Diagonal 13.3 33.33 33.33 26.66 26.66

14-15 3 2 2 3 0 2
y.o. Other 13.3 13.33 2.0 13.32

4 0 0 0 0 0
Incorrect

5 0 0 0 10 3
Constraint 66.66 20

1 7 6 5 0 5
Comer 63.6 54.54 45.45 45.45

2 2 2 5 0 2
Diagonal 18.2 18.18 45.45 18.18

ULTS 3 2 3 1 2 1
Other 18.2 27.27 9.09 18.18 9.09

4 0 0 0 0 0
Incorrect

5 0 0 0 9 3
Constraint 81.81 27.27

Table 2. 2 : Absolute and relative frequencies of D.S. types as a function of age and of session,
in the group NNNCN.

- ExPerimental group NDDI. L..

Figure 2.2 (p. 165) presents, for each index, mean values as a
function of session and for each age group in the group NDD1 0 CN.

p~erformance :
The requirement of variability in D does not stop the increase of %

CS. For both age-groups, this percentage remains constant for the
sessions 3 and 4 and it increases again in the last session.
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Three other indices that correspond to the numbers of reinforcement
in the matrices D, D 10 and C must be taken into account here : the
number of sequences differing from the = previous ones (NSD 2 ); the
number of sequences differing from the = previous ones (NSD 10 ) and

the number of sequences corresponding to the 3 ones which are
reinforced in C (NSC). These indices give, in fact, the real performance
of subjects with D DI 0 and C, respectively, and they allow to assess
their adaptation to the 3 Matrix types (Table 2.3).

N D DIO C N

14-15 y.o. 84 64.5 49.25 52.75 98.25

ADULTS 88.91 65.82 46.72 68.81 98.55

Table 2.3 : percentages of reinforcement as a function of session, for each age group,
in the group NDD 10 CN.

During the second session, there is a significant increase of NSD 2

for the 2 age-groups, but the percentage of reinforcement does not reach
the value obtained with the Matrix N in first session.

The significant increase of NSD 10 from the second to the third
session suggest that the subjects have modified their behavior in order
to adapt to the new reinforcement contingencies and that they are able to
still more vary their behaviors. However, the percentages of
reinforcement are lower than in D. This might indicate that subjects do
not in fact understand the precise requirements of the task or that they
do not use an appropriate strategy to ajust to the contingencies.

The significant increase of NSC in the fourth session indicates that
subjects grasp the constraint of the Matrix C. It seems easier for them
to adapt to this Matrix than to D 10 . This seems particularly obvious for

the adults. (However, the difference between the two age-groups is not
significant).

For all the subjects, the performance reaches its maximum during the
last session.

variabilis :In this group, adults tend to be spontaneously more variable than

adolescents. The difference observed in the other group, could be due
to a sample effect. In each age group, when the values of indices in first
session are computed for the totality of subjects of the two experimental
groups (N global), no significant difference is found between the 2 age
groups.
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The Matrices D and D1 0 lead to a significant increase of gen.ral
variability (U(S)), which can be explained for both age-groups by the
increase of the variability of correct sequences (U(CS)). In Dl0,
subjects use near 75% of the possible correct sequences (U(CS)). We
note a slight decrease of the variability of incorrect sequences
(no-significant). There is no significant difference between adults and
adolescents with regard to their adaptation to variability requirements.

The Matrix C leads to a reduction of the general variability (%DS and
U(S)) up to its initial level (in first session). However, the number of
different correct sequences stays significantly higher in the fourth
session than in the first one. This probably reflects the variability which
is necessary if a subject is to find out one of the three possible correct
sequences.

With regard to DS (Table 2.4, p. 168), the Matrix D does not entail
significant modification of the distributions of D.S. types : in the two
age-groups, the majority of subjects prefer diagonal sequences as D.S.,
like in the first session. In DI 0 , the "other" sequences are chosen by a

larger number of subjects as it was in D. In C, 90.91% of adults and
75% of adolescents choose as D.S., one of the three possible sequences.
It confirms that the great majority of subjects eventually adapt to the
constraint of this Matrix.

During the last session, the variability of correct sequences decreases
to reach the same level as in the first session. The Matrix C has a
proactive effect on the distribution of DS types : 45.45% of adults and
12.5% of adolescents continue to produce in the last session, the same
sequence as in C.
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AGE D.S. N D D10 C N

1 10 8 7 1 7
Comer 62.5 50.0 43.75 6.25 43.75

2 3 5 2 2 6
Diagonal 18.8 31.25 12.5 12.5 37.5

14-15 3 3 3 7 0 1
y.o. Other 18.8 18.75 43.75 6.25

4 0 0 0 1 0
Incorrect 6.25

5 0 0 0 12 2
Constraint 75.0 12.5

1 8 8 3 0 1
Comer 72.7 72.72 27.27 9.09

2 2 0 2 0 4
Diagonal 18.2 18.18 36.36

ULTS 3 1 3 6 1 1
Other 9.1 27.27 54.54 9.09 9.09

4 0 0 0 0 0
Incorrect

5 0 0 0 10 5
Constraint 90.91 45.45

Table 2.4 : Absolute and relative frequencies of D.S. types as a function of age and of session,
for each age group, in the group NDDIOCN.

5.1.3.1.2. Comparison of the pretrained subjects' behaviors as a function of Matrix
Type and of Ae

The results obtained by subjects pretrained in N with the matrixes N
and D in the second session were compared. Figure 2.3 (p. 169)
presents mean values of performance and variability indices as a function
of age and of matrix type, in the second session.

For each index, Two - Way ANOVA (age X matrix age) in the
second session (see Table 2.15 in Appendix 2, p 86) was only
completed by Student T-tests (matrix ap )for each age group (see
Table 2.16 in Appendix 2, p 87) because Two-Way ANOVA
revealed no effect due to age.
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Results show that adults and adolescents are equally sensitive to
particular contingencies of reinforcement. They are able to adopt more
variable behavior when experimental contingencies require it. The global
variability(with regards to %DS and U(S)) is larger with D, and this can
be explained by the importance of the variability of correct sequences
(U(CS), NCS). They adapt to the requirement of variability (NSD 2 is
higher in D than in N) and this contingency does not significantly
influence the %CS. However, it does not allow subjects to reach the
same performance in D than in N (94.27% and 93.45% of reinforcement
in N; 64.50% and 65.82% of reinforcement in D, for the 14-15 y.o. and
for adults, respectively). This fact ijcates that the understanding of the
task in D is not easy for some of the subjects or - at least- that they need
many trials to adapt to it. The DS are not significantly differently
distributed according to Matrix type (Table 2. 2, p. 164 and Table 2.4,
p. 168). In D as in N, the majority of the subjects prefer corner
sequences as DS. Even if there is no significant difference according to
age, 14-15 y.o. show a slight tendency, in D and in N, to prefer
diagonal sequences as DS.

The comparison of results obtained with the Matrixes N and DI0 in

the third session was doubtful : the effect of the factor "Matrix" could be
assigned both to particularities of the Matrix in itself and to the type of
pre-training received by the subjects. The effect of age was the only one
which could be taken into account and Two-way ANOVA did not reveal
any effect of age. Concerning behaviors observed with the Matrix DIO,
we refer to our first analysis (effects of session and of age in the group
NDDloCN, pp 164-168).

5.1.3.1.3. Effects of pre-training:

- Effects of pre-training on behavior in C (fourth session):

Figure 2.4 (p. 171) presents mean values of performance and
variability indices as a function of age and of type of pre-training, in C.
No matter which index is considered, Two-way ANOVA (age x
pretraiig) does not reveal any effect of age. (see Table 2.17 in
Appendix 2 p.88). The effect of pre-training is significant only for
U(I.S.); so, at first sight, the only effect of a variability training is to
entail a reduction of the variability of incorrect sequences. However,
comparisons of behaviors in C according to the type of pre-training
inside each age-group, allow us to note some tendencies. (Student
T-tests (pre-training) : Table 2.18 in Appendix 2 p.89).

In both age-groups, the variability training has no effect on the
variability of correct sequences. However, for adults, particularly,
variability training seems to facilitate the performance in C. This increase
of performance can be attributed to the number of incorrect sequences
which is lower after the variability training than after the pre-training
with N. To explain this effect, it can be suggested that subjects who
received a variability training did not directly perceive the modification of
the contingencies. Therefore, they continued to vary as before. Doing
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so, they had a higher probability to do one of the 3 reinforced sequences
than other subjects.

For adolescents, the variability training has no effect. Even, it can be
thought that some of them did not perceive at all - or have perceived later
than adults - the modification of the contingencies. Distributions of DS
support this hypothesis, even if the majority of subjects use a
"constraint" sequence as DS in C (Table 2.4, p. 168).

- Effects of pre-training on behavior in N (last session).
Statistical analysis does not reveal any effect of pre-training neither

on the performance nor on the variability in N during last session.
(Table 2.19 in Appendix 2 p.90).The effect of age is significant only for
N.S.C.: during the last session (in the 2 experimental groups). The
adults use the sequences which are reinforced in C, more often than the
14-15 y.o. I

5.1.3.1.4. Effects of type of educational background on performance and on
behavioral variability

Results obtained by the subjects of this experiment ("Technical
population" : T) were compared with the ones obtained by the subjects
of the same age groups (adolescents and adults) of experiment I
("General population" : G)

For recall, adolescents in experiment 1 were students in General
Secondary Schools (as opposed to subjects of this experiment who came
from schools for manual workers) and adults in experiment I were
University students (contrary to adults of this experiment who were
trainees at an industrial center). The level of the educational trainings in
this experiment is inferior to the one of the subjects of the experiment 1.

Performance and variability in N. in first. second and third sessions.
For N in first session, we have gathered the results of subjects who

have received N in first session, in each population and in each
age-group. (subjects from experimental groups NNN, L;RN and NDN,
for the G population -i.e. 56 adolescents and 61 adults- and subjects
from the 2 experimental groups NNNCN and NDD 10CN for the T
population i.e. : 31 adolescents and 22 adults).

For N in second and in third sessions, we have taken into account
the subjects from the experimental group NNN for the G population (17
adolescents and 21 adults) and the subjects from the experimental group

nNCN for the T population (15 adolescents and 11 adults).

The figure 2.5 (p. 173), presents mean values of performance and
variability indices as a function of age and of type of study, in N in
first, second and third sessions.
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Means and standard deviations for each session of the group NNN and
for the first two sessions of the group NDN, for each age group of the
population G, can be found in Appendix 2 (Tables 2.5 to 2.8, pp
76-79).

For each index, Two-Way ANOVA (ageX.ty in N (Ith, 2th and
3th sessions) (see Table 2.20 in Appendix 2, p 91) was completed
by Student T-tests ( p s.g_ -)for each age group (see Table 2.21
in Appendix 2, p 92).

The differences of behavior related to the type of educational
background are significant only for the % CS, NIS and U(IS) in first
session.
In both age groups, the subjects of the T population have performances
significantly lower than performances of the subjects of the G population
and the variability of their incorrect sequences is higher. On the contrary,
there is no difference between the two populations with regard to the
variability of correct sequences.

The DS are not significantly differently distributed according to the
type of educational background. In each age-group and in each
population, the subjects prefer comer sequences (Table 2.5).
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POPULATION T G

AGE D.S N GLOBAL N N N GLOBAL N N

1 21 8 7 44 12 12
Comer 67.74 53.33 46.66 78.57 70.58 70.58

2 5 5 5 4 2 2
Diagonal 16.13 33.33 33.33 7.14 11.76 11.76

14-15 3 5 2 3 8 3 3
y.o. Other 16.13 13.33 20.0 14.28 17.64 17.64

4 0 0 0 0 0 0
Incorrect

5 0 0 0 0 0 0
Constrain

1 15 6 5 44 13 13
Comer 68.18 54.54 45.45 72.13 61.9 61.9

2 4 2 5 9 4 4
Diagonal 18.18 18.18 45.45 14.75 19.04 19.04

ADULTS 3 3 3 1 8 3 4
Other 13.63 27.27 9.09 13.11 14.28 19.04

4 0 0 0 0 0 1
Incorrect 4.76

5 0 0 0 0 0 0
Constraint

Tab2.5: absolute and relative frequencies of DS types as a function of session (NNN),for each type of
population and for each age group.

- Performance and variability in D in the second session (Subiects
pre-trained in N)
Subjects from the experimental group NDN for the G population (19

adolescents and 20 adults) and subjects from the experimental group
NDD1 0 CN for the T population (16 adolescents and 11 adults) have
been taken into account. Figure 2.6 (p. 176) presents mean values of
performance and variability indices as a function of age and of type of
study, in N in first session and in D in second session.
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For each index, Two-Way ANOVA (agf.Xiau&) in D (2th session)
(see Table 222 in Appendix 2, p 93) was completed by Student
T-tests (rpe 1f study) for each age group (see Table 2.23 in
Appendix 2, p 94).

There is a significant effect of the type of educational background
both on the performance and variability indices . The subjects of the T
population have a performance inferior to the one of the subjects of the
G population (NSD 2 ). They are less variable with regard to correct
sequences (NCS and U(CS)) and the number and the variability of their
incorrect sequences (NIS and U(IS)) are higher than those of the
subjects of the G population.

The differences between the 2 populations are more pronounced for
adolescents than for adults.

The DS are not significantly differently distributed as a function of
the type of educational background (Table 2.6).

POPULATION T POPULATION G
D.S. 14-15 y.o. ADULTS 14-15 y.o. ADULTS

1 8 8 12 11
Corner 50.0 72.72 63.15 55.0

2 5 0 1 2
Diagonal 31.25 5.26 10.0

3 3 3 6 7
Other 18.75 27.27 31.57 35.0

4 0 0 0 0
Incorrect

Table 2.: Absolute and relative frequencies of D.S. types for each type of population and for each age group,
in D in second session
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5.1.3.2. ontvtak-
5.1.3.2.1. Description of results for each cognitive task as a function of age and of

educational background:

- Non-perceptual serial classification task:

G POPULATION T POPULATION

NUMBER OF

I CORRECT ITEMS 14-15 y.o. ADULTS 14 -15 y.o. ADULTS

n =56 n =61 n =30 n =22

0-2 8 3 0
14.3 4.9 0.0 4.5

3-4 18 22 7 6
32.1 36.1 23.3 27.3

5-6 30 36 23 15
53.6 59.0 76.7 68.2

Table 2.7 : For each type of population and for each age group, absolute and relative frequencies of subjects
in each of 3 classes of performance (based on number of correct items at the non-perceptual serial
classification task)

Table 2.7. shows that no matter which population is analysed, no
significant difference is found between the adolescents' and adults'
distributions. In both age-groups subjects of the T population perform
at an higher level than subjects of the G population. The difference is
significant for the 14-15 y.o. only (X2 = 6.49798, df = 2; p = .038).
These results are opposite to what would have been expected, after the
results obtained by Botson (1976). However, it can be suggested that
the educational background of the subjects of the T population could
have favoured partially the thought process involved in this task. In the
non-perceptive serial classifications, the task of the subjects is to
complete series of objects by inserting, at a given point, the appropriate
object (selected among an array of 6 objects). At any point, the series
can be dichotomically cut, with objects on one side sharing a common
property, but lacking an additional property shared by the objects on the
other side. In order to solve the problem, subjects must be able to take
into account simultaneously several criteria of dichotomy, and to
integrate all the relations existing between the elements of a series. This
implies that subjects have the capacity to analyse the different perceptive
characteristics of each object. This type of process seems to be easier for
subjects of the T population than for subjects of the G population. For
the latters, some criteria of dichotomy are not perceptually obvious (for
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example, the transparence of objects, as opposed to color). On the
contrary, subjects of the T population seem to have met less difficulty in
perceiving these characteristics. It could be explained by the type of
specific training they are given during their studies (they are invited to
manipulate and to analyse the different physical characteristics of objects
more often than the subjects of the G population).

- Group Embedded Figures Test (GEFT):

G POPULATION T POPULATION

NUMBER OF 14-15 y.o. ADULTS 14-15 y.o. ADULTS
CORRECT
ITEMS n = 56 n = 61 n = 29 n = 22

0-12 32 19 14 2
57.1 31.1 48.3 9.1

13-16 17 23 12 8
30.4 37.7 41.4 36.4

17-18 7 19 3 12
12.5 31.1 10.3 54.5

Table 2.8 For each type of population and for each age group, absolute and relative frequencies of subjects
in each of 3 classes of performance (based on number of correct items at the GEMT)

Table 2.8 shows that in the two populations, adolescents ,re
significantly more field dependent than adujts (G population : X
9.55596, df = 2; p =.008; T population : X4 = 14.51262, df = 2; p =
.0007). There is no significant difference between the two populations.
However, subjects of the T population (mainly, the adults) tend to be
more "field-independent" than subjects of the G population.

5.1.3.2.2. Relations between cognitive tasks
It is only when the totality of the subjects (populations and

age-groups blended) is taken into account that the number of correct
items of the serial classification is positively correlated to the number of

correct items of the GEFT (p =.2733, p < .001).

5.1.3.2.3. Relations between Cognitive tasks results and performance and
variability indices (Matrix Task).

For each age-group in each type of population, there is no significant
relation between the cognitive tasks results and the performance and
variability indices (no matter which matrix type is considered) (same
statistical analysis as in experiment 1).
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So, as it was noted in experiment 1, it seems that there is no relation
between behavioral variability on one hand, and the subjects' field-
dependence/independence or their cognitive capacities as the mobility of
thought, on the other hand (as assessed by the cognitive tasks used).

5.1.4. CONCLUSIONS OF EXPERIMENT 2

In this experiment, the following questions were considered:

1. To what extent can subjects vary their behavior to adapt themselves to a
situation that requires variability ?

2. Does a variability training facilitate the subjects' adaptation in a situation
in which only three sequences are reinforced ?

3. Are the subjects' behaviors different depending upon their type of
educational background on one hand, and their "mobility of thought"
and cognitive style, on the other hand ?

Main results are as follows:

I. Globally, adolescents' behaviors are not different from adults' behaviors
with regard to each Matrix type. Subjects' behaviors show that they are
sensitive to environmental factors : they are able to modify their behavior
as a function of the Matrix type.

In the normal situation (N), subjects have a good performance and
the contingent reinforcement produces some stereotypy. However this
last one remains relatively constant throughout the three sessions and the
subjects keep always a certain level of variability (they always make
several different correct sequences).

When reinforcement contingencies demand it, subjects produce more
variability, even more than what is required (when the request of
variability is not too important, as in D). The majority of them are able to
adapt themselves to this requirement.

When the task requires much more variability (D 10 ), subjects vary
still more their behaviors. The level of variability that they reach, is
theoretically sufficient to allow them to meet these contingencies.
However, the low percentage of reinforcement let us think that subjects
do not adopt an appropriate behavior in order to adapt to the precise
contingencies of the task. The analysis of the 50 sequences emitted by
some subjects of the group NDD 10 CN in the third session, let think that
they do not vary their sequences in a systematic way).

2. Even when they have been put in a situation which entails stereotypy,
subjects are able to modify and to vary their behaviors in order to adjust
to a modification of the contingencies (Matrix C). The low performance
reflects mainly the large number of trials which are necessary to find an
appropriate sequence. In adults, a variability training entails a slightly
better performance when precise behaviors are required from the
subjects (C). It can be thought that the subjects who have received this
training have not directly perceived the modification of the
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contingencies. Therefore, they have continued to vary as before and,
doing so, they had a higher probability to emit one of the three
appropriate sequences more rapidly than the subjects of the other
experimental group.

The type of pre-training has no effect on the performance and the
variability in the last session; however, some subjects continue here to
use one of the three "constraint" sequences.

3. The adaptation to the task seem to be tied to the type of educational
background : subjects who were following a technical training (in a
Technical Secondary School or in an Industrial Training Center) have
needed more trials to reach the same performance than the subjects who
were following a General Educational cycle (In a General Secondary
School or at the University level).

As to behavioral variability, the spontaneous variability level (as
assessed by the Matrix N) does not seem to be tied to the type of
educational background. But it is not easy to induce correct variability
among subjects of the "Technical Population". While they are able to
adopt a more variable behavior when contingencies require it, they do
not reach the level of performance scored by the subjects of the "General
Population". This difference can not be explained by their incapacity to
adopt a more variable behavior (they are more variable in a situation
which requires much more variability ( D 10) but it could be due to the
greater difficulty they have to adopt a consistent behavior.

This difference cannot be put in relation with the cognitive style
or with the "mobility of thought" of the subjects of each type of
population.

In each type of population, subjects have been differentiated as a
function of their cognitive capacitites. However, no matter which type of
population is considered, no difference is found with regard to behaviors
in the Visual Matrix task (with each type of Matrix) as a function of the
subjects' "mobility of thought" or "field dependence/independence".

In summary, referin,, the specific questions raised initially, results
of this experiment ha : fited a't.

I. The subjects are able to adopt a very variable behavior which could
theoretically allow them to produce sequences which differ from the 10
previous ones. However, they seem to have difficulties in understanding
the precise contingencies of the task and/or to adopt a systematic
procedure in varying their sequences.

2. As we had hypothesized, a variability training seems to facilitate the
subjects' adaptation to new contingencies. However, this effect is found
in adults only and it is so tenuous that it needs to be confirmed, with a
greater number of subjects.
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3. While the level of spontaneous variability does not seem to be
influenced by the subjects' educational background, it seems to be tied
to their capacity to master the task and to adjust to variability
requirements. Here also, it is necessary to confirm these results with a
greater number of subjects, by trying to dissociate the respective effects
of the level of study and of the type of study.

As in experiment 1, no relation was found between the subjects'
"mobility of thought" or their "field-dependencefmdependence" and their
behaviors in the Visual Matrix task.

5.2. EXPERIMENT 3

5.2.1. AIMS OF EXPERIMENT 3

Results of experiment 2 have led us to carry out a similar experiment
with a larger number of subjects. In this experiment, the level of school
education, the type of school education and the socio-economical origin
of the subjects have been taken into account.

As noted in chapter 2.5.2., another type of cognitive style, defined
by Kaufmann (1979), has been considered.

So, the following questions were considered:

1. To what extent can subjects vary their behavior to adapt themselves
to a situation that requires variability ?

2. Does variability training facilitate the subjects' adaptation in a
situation in which only three sequences are reinforced ?

3. Are the subjects' behaviors different depending upon their level and
their type of educational background on one hand, and their cognitive
style "Assimilator - Explorer", on the other hand ?

5.2.2. METHOD

5.2.2.1.

69 male subjects were chosen among the militiamen present in a
training center of the Belgian Army ( Centre d'instruction de SAIVE ) on
February 1, 1988. By applying to this population, we hoped to easily
constitute a sample of subjects with constrasted types and levels of
educational background. Their age were ranging from 18 to 27 years.
They came from 3 squads, without any particular characteristics, and
were selected on the basis of their availabilitv.

The subjects were distributed into 2 categories as a function of their
type of school education; into 2 categories as a function of their level of
school education and into 3 categories as a function of their
socio-economical origins.
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I. Tpes of School Education - Variable I (VAR 1)
Our sample had to be roughly divided into 2 categories in order to

obtain categories with sufficient and comparable effectives•

- Studies of Technical Type M
These subjects had received a training linked to the transformation of
the matter or of materials. Their studies, according to their level, had
generally given a great part to courses of Mathematics and of
Physics:
e.g. lathe operator, metal fitter, electrician, engineer, chemist,

- Studies of Non-Technical Tpe (Non-T):
These subjects were more oriented towards the social sphere and the
services, or they were "people-oriented" :
e.g. social worker, tourism worker, historian, lawyer, salesman,

2. Levels of School Education - Varia bI' 2 (VAR 2)
The highest level of school education of each subject was taken into

account.

- Lower Level (L) Elementary School degree, Secondary School
(inferior degree),

- Medium Level (M): Secondary School (superior degree),...
- Uppr Level (U): University Studies or equivalent studies.

AR L M U TOTAL

T 15 12 12 39

Non-T 6 8 16 30

TOTAL 21 20 28 69

X 2 =4.186 df=2 P<0.123

Table1. 1 Subjects' distribution as a function of type and level of school education

3. Socio- Economical Origin - Variable 3 (VAR 3)
The subjects' socio-economical origin was determined on the basis

of the parents' profession and level of school education. Our categories
were derived from those of LAUTREY (1980, p.124).

The parent with the highest level of school education or with the
upper profession was taken into account.
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- CategQ : Subject's father or mother was an unskilled worker, a
maintenance worker or had an Elementary School degree.

- C • Subject's father or mother was an office worker, a
shopkeeper, or had a Secondary School degree.

- t • Subject's father or mother was an executive,
professor, lawyer, doctor, etc or had University or equivalent
education.

lAR 3 CAT. A CAT. B CAT. C. TOTAL

ARi-

T 20 14 5 38

Non-T 2 17 11 30

TOTAL 22 31 16 69

X 2 = 18,514 df = 2 P < 0.000

Table 3.2. : subjects' distribution as a function of level of school education and of socio- economical origin.

V ARV 3 CAT. A CAT. B CAT. C TOTAL

L 11 9 1 21

M 7 11 2 20

U 4 11 13 28

TOTAL 22 31 16 69

X 2 = 17.974 df = 2 P < 0.001

Table 3.3.: subjects' distribution as a function of level of school education and of socio-economical ongin.

While the variables = and lCve of school education are presumably
independant, they are both linked to the variable orgin.

Subjects with the lowest socio-economical origin (cat. A) had nearly
always chosen studies of technical type and, in half the cases, of low
level. Subjects of middle origin (cat. B) were distributed in a similar
manner among all the categories. Proportionally more subjects whose
origin belong to the upper category (cat. C) are found in the
non-technical type of school education. The great majority of them had
followed university or equivalent studies.
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These facts must be kept in mind in the analysis of subjects' results
as a function of their type and of their level of school education, these
variables (particularly for the extreme categories of the variable 3) being,
at least in part, undissociable of the subjects' socio- economical origin.

5.2.2.2. Materials and Procedures

- Visual Matrix Task:
The same matrix types than in experiment 2 were used : the normal

matrix (N), the normal matrixes with differential reinforcement (D and
D 10), and the matrix with prescribed sequences (C).

Subjects were divided into 2 experimental groups matched as far as
possible, for type and level of school education and they were
individually submitted to 4 sessions of 50 trials each, in a room of their
barracks. Each militiaman was seen only one time because of their
hourly constraints.

NNNC NDD 10 C TOTAL

T 21 18 39
1. TYPES

Non-T 15 15 30

L 10 11 21

2. LEVELS M 13 7 20

U 13 15 28

A 9 13 22

3. ORIGINS B 19 12 31

C 8 8 16

TOTAL 36 33 69

Table 34.: Subjects' distribution as a function of type and level of school education and of socio-economical
origin, in each experimental group.

- Task of Kaufmann: "Assimilator-Explorer" cognitive style
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5.2.3. RESULTS

5.2.3.1. Visual Matrix Task:
Means and standard deviations of each index, for each experimental

group and for each type and level of study, can be found in Appendix 3
(Tables 3.1 to 3.10, pp 98-107).

5.2.3.1.1. Performance and variability in N global and in each session of each
expcrimental group. as a function of socio-professionnal variables :

For each index, Three-way ANOVA (tpe. level, origin have been
performed for N in first session for the global population (N global)
and for each session of each experimental group, in order to get a
general view of the influence of each socio-professional variable and
of their interactions.

Only the comparison of subjects as a function of their D= of studies
(VAR 1) has a significant effect for all relevant indices in N global, and
for some indices in several sessions of the experimental groups.

The kvel of studies (VAR 2) rarely shows a significant effect (only
in the last session of the experimental group N D D10 C) and the origins

(VAR 3) has no signifiant effect. No significant interaction effect is
observed between the 3 variables.

Two-way ANOVA (ape x level of school education) performed for
N global and for each session of each experimental group, give
similar results (see Tables 3.11 - 3.12 in Appendix 3 pp 108-109)

It has been decided to leave out N riable 3 in the analysis of results.
But it must not be forgotten that this variable is linked to the other two,
as noticed in the description of the population. We have to take into
account that, for the variable 1, nearly all the subjects with the lowest
origins (CAT A) have chosen studies of technical type (T) and that they
represent half the subjects in the category T. For variable 2, we must
retain that the great majority of the subjects with the highest origins also
have the highest level of school education and that half of the subjects
with the lowest origins, also have the lowest level of school education.

- Performance and variability as a function of TYPE of school
education:

Student T-tests for independent samples were used to compare the
values of each index, as a function of both types of school education,
for N global and for the same session of the same experimental group
(see Tables 3.13-3.14 in Appendix 3 pp 110-111)
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Performance:
For all the population in N in the first session, the performance of

subjects with non-technical school education is significantly higher than
the performance of subjects with technical school education
(respectively, % CS : 95.20 % > 89.05 %).

Variability :
All the indices assessing the sequences variability indicate that

subjects with technical training are significantly more variable than those
with non-technical training. This higher spontaneous variability among
the population T is found for correct sequences as for incorrect
sequences (respectively, % DS : (Non-T) 72 % > (T) 56,72 %
NCS :4.80 < 6.56; NIS:2.27 < 3.33;UV(51: 1.33 < 2.07; U
() 1.02 < 1.59; U(IS- : 0.88 < 1.45) (with ">"= "superior to"
and "<" = "inferior to").

It is important to note that these differences as a f'unction of type of
study disappear for the subjects with an upper level of study

- Experimental group NNNC :

For each index, mean values as a function of type of school
education and of session, are showed in figure 3.1. (p. 188).

Performance :
The performance of the population Non-T is at once very high. It

always stays higher (significantly for the sessions 1 and 2) than the
performance of the population T, which increases from the first to the
third session.

In the last session, when the situation is complicated by the
reinforcement of only 3 sequences that are rarely spontaneously emited,
the performance (NSC x 2 : (Non-T) 42.80 % < (T) 53,52 %)
decreases for both types of subjects, but especially for the population
Non-T. If all the subjects need more trials to find out an appropriate
sequence, subjects with non-technical training, particularly , produce
more incorrect sequences.

Variability :
The level of variability (of correct a.nd incorrect sequences) of the

population T, that is significantly the highest level in first session,
progressively gets close to the level of variability of the population
Non-T. The variability of subjects with non - technical education stays
nearly stable during the first 3 sessions (except a little decrease of the
incorrect sequences variability from the first to the second session).

The dominant seauences (DS) distributions, as a function of session
and of type of school education were examined (see table 3.5., p. 190)
(XL reveals no significant difference as a function of type of school
education). Comer sequences are chosen by the majority of subjects,
followed by diagonal sequences.
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The matrix C produces an increase of the variability of correct
sequences. The incorrect sequences variability also increases among
subjects with technical education (reaching a level close to the one of the
first session), but this increase is more pronounced among subjects with
non-technical education.

Almost all the subjects adopt one of the reinforced sequences as DS,
showing tha:, in general, they understand the rule of the task in C. This
comprehension is preceded by an increase of their behavioral variability,
when they are searching for a solution to the task. The subjects of the
population T, who are at once less good performers but more variable in
the first three sessions, prove to be a little more efficient in this search.
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TYPE (VAR 1) DS N N N C

1 15 14 14
CORNER 71.43 70 66.67 0

2 2 5 5 1
DIAGONAL 9.52 25 23.81 4.76

3 3 1 1
TECHNICAL OTHER 14.29 5 4.76 0

4
INCORRECT 0 0 0 0

5 1 1 20
CONSTRAINT 4.76 0 4.76 95.24

1 9 9 11 1
CORNER 60 64.29 73.33 6.67

2 4 4 4
DIAGONAL 26.67 28.57 26.67 0

' ON -_ _ _ _ __ _ _ _ _ _

TECHNICAL
3 2 1

OTHER 13.33 7.14 0 0

4 1
INCORRECT 0 0 0 6.67

5 13
CONSTRAINT 0 0 0 86.67

Table 3.5.: Absolute and relative frequencies of DS types as a function of session and of type of
school education, in the group NNNC.
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Experimental group N D

Figure 3.2. (p. 192) shows mean values for each index, as a function
of type of school education and of session.

Performance:

The population Non-T e-,erform slightly better in N in first session
than population T, but this difference is less pronounced than in the
group NNNC. For all subjc,, ., the % CS increases from the first to the
third session, despite the requirement of variability.

Like in experiment 2, we consider here the indices that correspond to
the number of reinforcement in the matrixes D, D10 and C (Table 3.6.).

N D DI 0  C

T 87.33 68.00 47.78 56.88

Non - T 90.80 70.76 56.26 52.66

Table ,.6 :Percentages of reinforcement as a function of session and of type of school education, in
the group NDD 10 C.

In D and D 10 , results are similar for the two populations : NSD 2 and
NSD 10 respectively increase, but the percentages of reinforcement are
lower than those obtained in N in first session.

The same comments as in Experiment 2 can be made : subjects do
not perfectly adapt themselves to the peculiar variability requirements,
even if their results show that they perceive a modification of the
contingencies between the second and the third session.

As expected, NSC increases in the fourth session. Although the %
CS remain very high, the percentage of reinforcement (only a bit higher
than 50 %) let suppose that many trials are necessary to grasp the rule in
C.

Variability:
The significant differences of variability that have been observed

betweenthe two populations types, in the first session of the group
NNNC, do not appear here. This can probably be attributed to a sample
effect : in the group NDD 10 C, subjects with non-technical training show
at one poorer performance and they are more variable than in the other
experimental group. But, results concerning differences between both
types of subjects in NNNC must be considered with some caution, as
emphasize I above.
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The matrixes D and D10 produce, as usual, an increase in general
variability, which can be explained by the increase in variability of
correct sequences. More than 75 % of the possible correct sequences are
employed in D10 . The incorrect sequences variability progressively
decreases during the first 3 sessions.

In D and D10, the variability of both populations evolves in a similar
way. Distributions of D.S. types (see Table 3.7. p. 194) are nearly
identical in N and in D. The majority of subjects choose corner
sequences as DS. The matrix D10 entails a modification of these
distributions : subjects prefer here "other" DS. This contributes to the
greater variability obtained with this matrix.

The matrix C leads to a reduction of the general variability, in
comparison with the variability in D and especially in D10, but the level
of the correct sequences variability remains higher than in N in first
session. It surely reflects the period of adaptation (search for a solution)
to the task in C.

Distributions of D.S. types show that nearly all the subjects of both
populations take one of the three reinforced sequences as D.S. It
confirms that the great majority of them succeed in mastering the task
(more or less rapidly).
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TYPE (VAR 1) DS N N N C

1 9 8 6
CORNER 50 44.44 33.33 0

2 5 5 3 1
DIAGONAL 27.78 27.78 16.67 5.56

3 4 5 8 1
TECHNICAL OTHER 22.22 27.78 44.44 5.56

4
INCORRECT 0 0 0 0

5 1 16
CONSTRAINT 0 0 5.56 88.89

1 9 9 4
CORNER 60 60 26.67 0

2 2 3 3 1
DIAGONAL 13.33 20 20 6.67

NON -
TECt-NICAL

3 3 3 8 1
OTHER 20 20 53.33 6.67

4
INCORRECT 0 0 0 0

5 1 13
CONSTRAINT 6.67 0 0 86.67

Table 3.7. Absolute and relative frequencies of DS types as a function of session and of type of
school education, in -he group NDDI 0 C.
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Performance and variability as a function of LEVEL of school
eduCa, don :

Means and standard deviations for each index in N-global and in each
session of each experimental group, as a function of level of school
education can be found in Appendix 3 (Tables 3.5 to 3.10, pp102- 107).

One-Way ANOVA (Level) and Newman-Keuls testc (NK) were used
to compare the values of each index as a function of the level of
school education, in N global and in each session of each
experimental group.

The differences as a function of level of school education are
significant only in the fourth session of the experimental group NDD 10 C
for the following indices:

- % DS : F(2,32) = 3.13, p = .05; NK : NS

- U(CS) : F(2,32) = 3.80, p = .03; NK : M significantly superior to
U with p < .05

- NSD 2 : F(2,32) = 4.67, p = .01; NK : M > U
- NSDI 0 : F(2,32) = 3.23, p = .05; NK : M > U

In the fourth session of this experimental group, subjects with
medium level of study receive less reinforcements than the others
(particularly in comparison with subjects of the category U) and they are
the most variable with regards to correct sequences. However, these
differences observed in C as a function of level of study, cannot be put
in relation with any particular behavior during the previous sessions (in
N, D and D 10 , there is no difference as a function of level of study).

5.2.3.1.2. Comparison of the two experimental groups. in each lype of school
education:

Only results as a function of type of school education are taken here
into account, since this variable is the only one which allow to
significantly differentiate the subjects.

- Comparison of behaviors in N in first session:

For each index, Two-Way ANOVA (e r nLgr X _. 2e.a
school education in the first session (see Table 3.15 in Appendix 3,
p 112) were completed by students T-tests (eperimental I routf) in
first session, for the global population (see Table 3.16 in Appendix
3, p113).

Two-way ANOVA reveals significant effects of the factor Group for
the indices relative to the variability of incorrect sequences (NIS and U
(IS)). Significant effects of interaction between the two variables are
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obtained for the indices relative to the general variability (% DS and
U (S)) and to the variability of correct sequences (NCS and U (CS)).
It means that the 2 experimental groups may not be considered as
equivalent (sampling effects).

All the subjects in the group NNNC perform better. They produce
therefore less different incorrect sequences than subjects in the group N
D D10 C (as confirmed by the student T-Test). Both population types
are at once more differentiated in the group NNNC, principally because
the most stereotyped subjects of the population Non-T belong to this
experimental group. On the contrary, results of the group NDD 10 C do
not enable to differenciate the two types of populations.

- Comparison of behaviors in N and D. in second session:

Figure 3.3. (p. 197) presents, for each index, mean values as a
function of type of school education and of matrix type (N and D), in the
second session.

Two-way ANOVA (Matrix .7Tpe) does not reveal any effect due to
type of school education. (see Table 3.17 Appendix 3 p 114).

As in the experiment 2, the factor Matrix has significant effects on
indices relative to the general variability, to the variability of correct
sequences and on NSD2 . Significant effects obtained for the variability
of incorrect sequences must be put in relation with differences
pre-existing between the 2 experimental groups. (The incorrect
sequences variability in first session is more important in the group
NDD 1 0C than in the other group (sampling effect). In second session,
it stays higher in the group NDD 10 C than in the other group. So, in
second session, the difference between the 2 experimental groups with
regard to the incorrect sequences variability cannot be attributed only to
the factor Matrix in itself).

The two types of matrix within each population (T and Non-T) have
also been compared (student T - Tests (Matrix) : see Table 3.18
Appendix 3 p 115).

Results show that all the subjects are able to adopt more variable
behaviors when it is required, independently of their type of school
education.

Distributions of D.S. types do not differ as a function of Matrix type
(Table 3.5., p. 190 and Table 3.7., p. 194).

- Effects of pre-training on the behavior in C (fourth session:

Figure 3.4. (p. 198) presents, for each index, mean values as a
function of type of school education and of pretraining type, in C (fourth
session).
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Two-way ANOVA (Pre-training X Type of school education) reveals
significant effects of both factors on the % CS and on NIS, and of the
factor Pre-Training on U(IS) (see Table 3.19 in Appendix 3 p1 16).

In both experimental groups, the population T produces less incorrect
sequences and has a better performance than the population Non-T (in
NNNC: (T) 53.52 % > (Non-T) 42.80 %; in NDD 1 0 C: (T) 56.88 % >
(Non-T) 52.66 %).

As in the first session, the difference between the 2 types of
population is less pronounced in the experimental group NDD1 0C.

The comparison of subjects as a function of their pre-training within
each population (student T-test (pre-training) : see table 3.20 in
Appendix 3, p 117), shows that the variability training results in a
slightly better performance in C (subjects produce less incorrect
sequences). However, this effect is not significant.

In fact, the examination of the 50 sequences emitted by some subjects
of the group NDD 10C in the fourth session, let think that the variability
training can have a facilitating or a disturbing effect on the performance
in C, depending on subjects. Some subjects who have received this
training have not directly perceived the modification of contingencies and
have continued to vary as before, even when they had emitted one of the
three appropriate sequences. Other subjects tend to repeat the sequence
which has been reinforced, maybe to test if they are or not submitted to
the same contingencies. On the other hand, it seems that subjects of the
group NNNC need a few more trials to find one of the appropriate
sequences than the subjects of the group NDD10 C (subjects of the group
NNNC emit one of the three appropriate sequences for the first time at
the trial number 2Q; subjects of the group NDD 1 0 C do it at the trial
number 12).

5.2.3.1.3. Relation between spontaneous behaviors and behaviors observed in
latler sessions

Given the importance of the inter-individual variations of behavior,
an other type of analysis has been used. In order to determine the
specific aspects of the spontaneous behavior that are related to behaviors
observed in later sessions, correlations were computed between the
indices of performance and of variability in first sesssion (% CS and U
(CS)) and the indices of performance and variability in D, D10 and C
(NSD 2 , NSDI 0 , NSC and U (CS)).

The following points can be made:

- the % CS in first session is significantly correlated with the % CS
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in D (p = .50, p = .002) and with the % CS in D 10 (p = .49, p =

.003) but not with the % CS in C (p = .29, p = .29).
- the % CS is first session is significantly correlated with NSD 2 in D

(p =.38, p = .04) and with NSD 10 in D10 (p = .41, p = .01) but is

not related with the NSC in C (p = .08, p = .63).
- the % CS in first session is significantly correlated with U (CS) in

D10 (p = .51, p = .002) but not with U (CS) in D (p = .2, p = .26)

or in C (p = .07, p = .66).
- U (CS) in first session is not correlated with U (CS) in D, D 10 or

C.

These results clearly show that it is the capacity to master the task -
and not the level of spontaneous variability - that is tied to the capacity to
adequately adapt oneself to the precise requirements of variability.
On the other hand, the subjects' behaviors in C cannot be put in relation
with their previous behaviors (restilts are similar for the experimental
group L4NN.).

These results are akin with one of the conclusions of experiment 1
the potentialities for variation (and thus the capacity of adaptation)
depend upon the mastery of a set of basic behavioral units (notably, in
this case, the capacity to master the functioning rules of the matrix).

5.2.3.2. Task of Kaufmann

5.2.3.2.1. Description of results:

If a subject used the standard principle throughout the 6 test
problems, he was placed in the Assimilator category. If he employed one
or more deviant solution-alternatives, he was categorized as Explre .

According to the definition of this cogintive style, we should expect a
significantly higher number of Explorers who find the solution to the
problem 7 (which cannot be solved by the standard principle), as
compared to the Assimilators.

Indeed, 14 subjects (46.67 %) on the 30 subjects in the Assimilator
category were not able to solve this simple problem within a 3-minute
period. Among the 38 subjects in. the Explorer category, only one
subject failed to solve problem 7. As showed in the Table 3.8., the
relation between the subjects' cognitive style and the sv,.c:ss in t.e last
problem, is confi med independently of the number of successful
test-problems (X = 19.127, df = 3, p = 0.000). These results are
similar to those obtained by Kaufmann.
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SUCCESS TO THE TEST-PROBLEMS COGNITIVE STYLE
AND TO THE PROBLEM 7 Assimilator p Total

Subjects who solve the 6 test-problems
and the last problem 11 27 38

36.67 71.05

Subjects who solve the 6 test-problems
but not the last problem 9 1 10

30.00 2.63
Subjects who do not solve the totality of
the 6 test-problems but success the
last problem 5 10 15

16.67 26.32

Subjects who solve neither the totality of the
6 test-problems nor the last problem 5 0 5

16.67 0.00

Total 30 38

Table 3.8. : Absolute and relative frequencies of subjects as a function of their success in the
test-problems and in the last problem.

The results have been analysed with respect to level and type of
school education. No difference was found as a function of the subjects'
type of study. As shown, in table 3.9., the number of problems
successfully solved is significantly related to the level of study (X2 =
9.887, df = 4, p = 0.048).

NUMBER OF PROBLEMS LEVEL OF STUDY

SUCCESSFULLY SOLVED Low Medium Upper Total

2 to 5 7 2 2 11
33.33 10.00 7.14

6 7 7 6 20
33.33 35.00 21.43

7 7 11 20 38
33.33 55.00 71.43

Total 21 20 28

Table 3.9. : For each level of study, absolute and relative frequencies of subjects in each of 3 classes
of performance (based on number of problems successfully solved at the Kaufmann's task).
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There is a higher percentage of Assimilato - '60 %) among subjects
with a low level of study than among subjects with a _-c.eium or upper
level of study (35 % and 39.29 %, respectively). However, the relation
i ,-.ot significant.

It i also among the subjects with a low level of study that the
greater', ,mber of subjects (45 %) who fail to solve :"e 'ast problem 4s
found (against 20 % of the subjects M and 7.14 % of the subjects U).

5.2.3.2.2. Relations between the subjects' cognitive style and pedormance and
variability indices:
In each experimental group, subjects have been separated in two

sub-groups as a function of their cuigidve style and the mean results of L
these two sub-groups for session 2, 3 and 4 of each experimental group
have been computed (for the first session (N global), subjects of the two
experimental groups were gathered).

Results can be found in Appendix 3, tables 3.21, 3.2- and 3.23, pp
118-120. (For each index, Student T-tests (co ive sryle) were used in
N global and in the sessions 2, 3 and 4 of each experimental group).

Only very slight differences between the 2 types of subjects we-e
found : in N global and in the sessions 2 and 3 of the group NNNC, the
Explorers tend to be a little more variable with regard to the correct
sequences than the Assimilators To the contrary, the reverse tendency is
observed with the matrixes which request variability (D and D10 ). For
these matrixes, the Explorers tend to be more variables in incorrect
sequences (the differences are significant only in D10 , for the following
indices : NIS : t = -2.09, p < .05; U(IS) : t = -2.66, p ._ .05). la the last
session for both experimental groups (C), the behaviors of the 2 types of
subjects are similar.

5.2.4. CONCLUSIONS OF EXPERIMENT 3

Globally, results of this experiment are similar to those of
Experiment 2, with regard to adults' behaviors in each matrix type.

As usual in the normal situation (N), subjects have a good
performance. It is in this situation that the variability of correct
sequences is the lowest. However, subjects keep always a certain level
of variability.

When the reinforcement contingencies demand it, subjects produce
more variability and the level of variability that they reach with the matrix
D10 is theoretically sufficient to allow them to meet these contingencies
(they produce 75 % of the possible correct sequences). But like in
Experiment 2, they have difficulties to adapt to this situation (they obtain
a low percentage of reinforcement in D 10 ).

As in previous experiment, low performance is observed in matrix C.
A variability training entails a slightly better performance when defined
behaviors are required from the subjects (C). However, as noted before,
the examination of the 50 sequences emitted by some subjects of the
group NDDIoC in the fourth session, let think that the variability
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group NDD 1 0 C in the fourth session, let think that the variability

training can have a facilitating or a disturbing effect on the performance
in C, depending upon the subjects. For some subjects, a training in D,
would facilitate the adaptation to the matrix C by increasing the
probabilities to emit more rapidly one of the three appropriate sequences.

On an other side, some results clearly show that the capacity to
master the task in the first session - and not the level of spontaneous
variability - is tied to the capacity to efficiently adapt oneself to the
precise requirements of variability.

This is akin with a hypothesis emitted in Experiment 1 : even within a
population of adults, the potentialities for variation are dependent upon
the mastery of a set of basic behavioral units. In the situation used, it
refers to the capacity to master the functioning rules of the matrix.

While adults differ with regard to their performance and variability in
the Visual Matrix Task, these inter-individual differences cannot be put
in relation with the subjects' cognitive style "Assimilator-Explorer" (just
like in the experiments I and 2, these differences could not be put in
relation with the subjects' "mobility of thought" or their
"field-dependence / independence" cognitive style).

The level of study does not seem to be tied to the performance or the
variability observed in the Visual Matrix Task.

But, adaptation to the task in the first session seems to be tied to the
type of study : in the first session, subjects who have followed a
technical training perform poorer and are more variable (with regard to
correct and incorrect sequences) than other subjects. With regard to the
performance, the difference between the two types of subject disappears
for subjects with an upper level of study.

In Experiment 2, subjects of population T performed poorer in N and
in D than subjects of population G. In this experiment, no significant
difference between the two types of subject was found in situations
which request variability (in D10 only, subjects with a technical training

tend to perform slightly poorer than the other ones). However, it must
be recalled that it is precisely in the group NDD1 0C that the two types of

subjects do not significantly differ with regard to their performance in
the first session and, if we take into account the relation observed
between the performance in the first session and the performances in D
and D 10 , this sample effect could and D 10 in this experiment.

In the two experimental groups, subjects with a technical educational
background, stay a bit more variable than the other subjects and they
perform better in the last session. However, the differences are not
significant.
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The results of experiments reported here suggest that our
approach to behavioral variability bears upon dimensions of
behavioral and cognitive processes that are not dealt with by other
approaches to the study of intelligence, problem-solving, mobility of
thought, fluidity and the like which, at first sight, might seem
conceptually close to ours. No significant relation has been found
between behavioral variability as assessed by our procedure and
relevant measures derived from procedures developed in some of
these other approaches. This does not mean that possible links
between various approaches are to be discarded, but it is a strong
argument to proceed further along the same lines. Data gathered so
far are admittedly not sufficient to validate and qualify the general
theory proposed in chapter 2.1. They are, however, sufficient to
encourage further investigation within this framework.

Concerning behavioral variability, empirical results obtained with
adults and adolescents support the conclusion that stereotypy is not
the inevitable outcome of reinforcements even in situation, where
variability is not required. Even though the contingent
reinforcements produce some stereotypy, the subjects always keep a
certain level of variability. This is comparable to this fraction of
exploratory behavior preserved in normal rats after they reach an
asymptotic level of running time, upon which they are by no means
unable to improve. Moreover, subjects are able to modify their
behavior to adapt themselves to modifications of the environment.

These points converge with the conclusions reached by Wong and
Peacock (1986) when they write - in opposition to Schwartz - " ...
behavioral units may not be rigid structures that are emitted in an
automatic and invariant manner regardless of changes in
reinforcement contingencies. In other words, stereotypy does not
become counterproductive when the contingency is changed" (p.
157).

Some of our findings seem to support the hypothesis of the
differential reinforcement of efficiency : the analysis of distributions
of dominant sequence types as a function of matrix type shows that,
when no coherent landmark is available, the great majority of
individuals prefer diagonal dominant sequence. This motor strategy
is, in fact, the easiest way to solve the problem. So, a great
proportion of individuals select as D.S. only the sequences that
maximize payoff even when other sequences have been reinforced.

Results also show that variability can be induced, or reduced, or
increased, by changing the outcomes for a subject of his exhibiting
variability and that a pretraining in variability leads the subjects to
search for the solution of a new problem-situation, in an adequate
way.

To sum up, these empirical results show that behavioral
variability is a property of behavior that can be modulated by various
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external factors, and that it is, indeed, amenable to the control by its
consequences.

Data obtained with 5-6 y.o. and 9-10 y.o. allow us to qualify and
complete these conclusions. Parallel to the improvement of the
performance and to the increase of variability with age, the capacity
to adopt adapted behaviors (more or less variable but efficient) to the
present environment also increases as a function of age.

These results concord with those of El Hamadi (1982) and
Hanlon (1960). Our findings can also be compared with those of
Botson and Delifge (1976) who '.ave shown that the capacity to
switch from one solution to ano'her in dealing with the same problem
situations - of a familiar type in Piaget's procedures - increases as a
function of age.

This allows to reject the idea that creative behavior is only a
product of some inborn endowment.

The improvement with age of the capacity to master the
functioning rules in the matrix task and of the capacity to adopt a
more variable behavior, is akin with the hypothesis that the capacity
of adaptation (and of learning) is a function of the potentialities for
variation. These ones being themselves dependent on the mastery of
a set of basic behavioral units.

Supplementary results, obtained with adults, concord also with
this hypothesis. They clearly show that the capacity to master the
task in first session is predictive of the capacity to efficiently adapt
oneself to the precise requirements of variability.

It must be noted that, whatever age group is considered, the
subjects' way to react to the initial conditions to which they have
been exposed is itself much variable from one individual to another.
Interindividual differences seem to concur with intraindividual
variability to maximize the range of variations as expressed in a given
population.

Though experimenters are usually reluctant to venturing in
applications when empirical data are still scarce and obviously
demand extensions and replication, a few, admittedly speculative
remarks are in point as to practical applications. They are, after all,
much less speculative than popularized myths of inborn creativity and
of the deleterious action of any educational intervention on the
creative potential of humans.

It seems to us counterlogical to think of variability in terms of
traits or styles or types. If anything, it is a functional property of
cognitive and behavioral processes. As such, it can be influenced by
a number of perfectly identifiable variables, and, especially
important, it can be increased.

If the role of variability is recognized as the common factor at
work from simple motor learning to problem solving and to the
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production of novel behavior, be it in unexpected life situations or in
artistic creation, there is no need to oppose the realm of routine,
automated, narrowly logical behavior to the realm of spontaneous,
imaginative, creative behavior; the domain of rationality and
teachability and the domain of unteachable, supposedly creative,
irrationality. That man will cope with change, as he will be
confronted to it, who will preserve a range of variation, upon
accumulated highly trained skills. That man will produce novel
pieces of art or science or writing who will keep on exploring
potentialities with a background of expertise.

In the applied field of education, as noted by Richelle (1986, p.
13) : "Looking at learning / teaching in that way of course changes
something important in a traditional approach to school education (or
training). Teaching should provide numerous opportunities for
variation. Teaching basic knowledge that is needed to build upon,
especially in science, should be closely linked with training in
variability ..."

The role of variability in .solving problems under stress is
plousibly no less important. Maximizing potentialities to adjust in
stress situations could be, essentially, a matter of keeping a range of
variations in spite of the restricting effect of emotion. Though, in the
present report, the relevance of the concept of variability has been
considered mainly in relation with learning, problem-solving and
creativity - or what could be labelled cognitive functions - , it is
suggested that it also offers interesting theoretical prospects in
bringing together again emotion and cognition. The integration of
which has been overlooked by contemporary exclusive emphasis on
cognitive functions.
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!MEANS - % CORRECT SEQUENCES (2CS)
- - -

N N N N R N
5-6 Y.O.! 74.53 81.73 87.20 ! 75.22 58.66 75.55

9-10 Y.O.! 87.20 94.26 92.90 ! 93.88 67.55 93.77
14-15 Y.O.! 93.00 95.29 96.23 ! 93.70 80.11 97.40

ADULTES! 94.20 93.33 91.52 ! 91.60 80.50 97.50

N D N D
5-6 Y.O.! 81.50 86.87 89.62 ! 76.R2 73.19 88.15

1 9-10 Y.O.! 88 91.15 95.75 ! 89 61.41 92.82
1 14-15 Y.O.! 94.90 96.75 99.05 ! 92.50 86.28 97.42

ADULTES! 91.70 96.84 96.10 ! 91.80 82.20 94.10

R D N
i 5-6 Y.O.! 78.30 71.17 78.82 !

9-10 Y.O.! 51.50 82.82 94.58 !
14-15 Y.O.! 65.60 87.52 92.87 !

ADULTES! 75.70 93.26 97.17 !

!STANDARD DEVIATIONS - % CORRECT SEQUENCES (%CS)

N N N N R N
5-6 Y.O.! 26.12 24.34 10.97 ! 22.10 29.16 29.26

9-10 Y.O.! 17.91 19.27 17.13 5.70 19.44 13.73
14-15 Y.O.! 6.40 5.47 4.40 ! 9.30 19.76 2.68

ADULTES! 4.70 8.61 21.19 ! 11.00 20.04 3.66

N D N D R N
5-6 Y.O.! 19.10 9.90 14.08 ! 19.90 2C.04 10.08

9-10 Y.O.! 9.10 5.89 3.76 ! 7.40 18.62 7.71
14-15 Y.O.! 4.20 2.76 1.68 I 6.60 19.38 3.64

ADULTES! 8.90 3.69 5.21 ! 13.7" 10.23 20.79

R D N
5-6 Y.O.! 20.60 24.76 18.64

9-10 Y.O.! 18.10 13.49 4.62
14-15 Y.O.! 15.50 14.16 11.03 I

ADULTES! 17.70 4.72 3.60 1

TABLEI2. : % CS: mes and stmdard d-aams i each
xprmmtal gp ad in eadi age group
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IMEANS - % DOMINANT SEQUENCES (%DS)
I-I

N N N N R N
5-6 Y.O.! 57.06 67.46 67.86 1 54.77 44.11 55.88
9-10 Y.0.! 57.70 64.80 66.80 ! 59.88 45.44 73.77

14-15 Y.O.1 52.70 54.58 54.70 1 55.80 59.20 74.80
ADULTES! 61.23 62.47 63.71 1 57.30 51.60 61.10

N D N D R N
5-6 Y.O.! 70.12 49.50 70.50 1 36.92 50.46 68.92

9-10 Y.O.! 61.15 33.36 55.57 ! 23.88 36.94 38.94
14-15 Y.O.! 52 20.52 39.47 ! 20.57 62.66 53.04

ADULTES! 54 21.80 43.20 ! 20.70 61.80 49.10

R D N
5-6 Y.O.! 49.52 40.94 61.52 !
9-10 Y.O.! 27.41 31.17 48.82

14-15 Y.0.! 46 24.47 45.52
ADULTES! 57.78 28.52 44.73

- - ----------------------------------------------------
!STANDARD DEVIATIONS - % DOMINANT SEQUENCES (%DS)

------------------------------------------------------------ i

N N N N R N
5-6 Y.O.! 22.70 21,13 25.47 ! 23.00 23.26 23.21

9-10 Y.O.! 24.20 27,13 27.83 ! 23.00 24.29 26.11
14-15 Y.O.! 27.90 25.93 26.84 ! 20.70 24.98 21.89

ADULTES! 26.10 27.47 2R.49 ! 24.00 24.00 33.10
I I

N L N D R N
5-6 Y.O.! 24 4.0 16.00 28.83 1 18.50 20.86 16.07

9-10 Y.O.! 22.30 12.77 27.87 ! 11.40 21.17 23.14
14-15 Y.O.! 25.50 6.38 29.86 ! 7.20 21.85 30.54

ADULTES! 26.40 14.19 33.29 1 5.90 18.72 29.11

R D N

5-6 Y.O.! 18.70 18.33 24.30
9-10 Y.0.! 13.30 17.90 25.94 1
14-15 Y.O.! 21.80 9.14 28.50 I

I ADULTES! 20.30 10.82 26.71

TAhDJ.3. : %DS:meam amd smndard devWiam tneach
zpmnw~al group and in each age group
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!!EANS - NB. CORRECT DIFFERENT SEQUENCES (NCS)!
! -- - - - - - - - - - - - - - -- - - - - - - - - - - - - - -

I N N N N R N

5-6 Y.O.! 5.40 3.93 3.86 ! 5.11 5.72 4.50
9-10 Y.O.! 6.70 4.20 4.60 ! 5.77 6.94 4.83

14-15 Y.O.1 6.40 5.76 5.94 1 6.20 5.35 3.25
I ADULTES! 6.70 6.00 5.09 1 6.05 6.80 6.45

N D N D R I
5-6 Y.O.! 3.43 5.25 4.06 1 6.61 5.76 4.46

1 9-10 Y.O.! 5.26 8.57 6.89 ! 11.41 7.70 9.70
! 14-15 Y.O.1 8.10 13.63 9.73 ! 13.33 4.47 7.66
I ADULTES! 7.20 13.55 10.15 ! 13.05 4.60 8

R D N
5-6 Y.O.! 5.41 5.82 4.52 !

9-10 Y.O.! 8.23 9.58 7.76 !
14-15 Y.O.' 6.47 10.47 7.70 !

ADULTES! 5.15 8.89 7.05 !

!STANDARD DEVIATIONS - NB. CORRECT DIFFERENT SEQUENCES (NCS)!

N N N N R N
5-6 Y.O.! 3.10 2.57 2.77 ! 3.10 3.44 2.43
9-10 Y.O.! 3.90 3.20 3.73 ! 3.?) 2.87 3.97
14-15 Y.O.! 3.90 3.45 3.05 I 4.40 2.58 2.22

ADULTES! 4.40 4.40 4.01 1 3.80 3.95 5.48

N D N D R N
5-6 Y.O.! 2.30 2.72 3.29 I 3 30 3.03 2.56
9-10 Y.O.! 2.50 3.18 4.79 ' 4.40 2.99 4.42
14-15 Y.O.! 5.00 2.58 4.95 ! 3.70 1.66 5.75

ADULTES! 4.10 4.46 6.22 I 3.90 2.47 6.38

R D N
5-6 Y.O.! 1.60 2.87 2.45 !

9-10 Y.O.! 2.50 4.31 5.43
14-15 Y.O.! 2.70 4.06 4'.98

ADULTES! 2.50 4.17 4.37

ABL1.: NCS: mesm and stndard d-viaions i each
experbImt group and in each age roup
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IMEANS - NB. INCORRECT DIFFERENT SEQUENCES (NIS)!
p----------------------------------------------------------------------------------------

N N N N R N
5-6 Y.O.! 5.73 4.33 3.26 1 5.11 9.33 5.22

1 9-10 Y.O.! 3.30 2.05 2.10 ! 2.22 9.16 2.16
1 14-15 Y.O.! 2.64 1.82 1.47 1 1.90 6.40 .95 1

ADULTES! 2.23 2.00 1.61 1 2.40 5.70 1.05 1

I N D N D R N '

t 5-6 Y.O.! 3.25 3.62 3.06 ! 5.15 6.53 3.30
1 9-10 Y.O.! 2.87 2.84 1.62 I 3.92 9.17 2.41 1
! 14-15 Y.O.I 1.94 1.63 .47 1 2.61 3.71 1 !

ADULTES! 2.40 1.40 1.36 ! 2.90 6.40 1.30

R D N
1 5-6 Y.O.! 5.70 6.29 4.41

9-10 Y.O.! 11.41 5.11 2.17
14-15 Y.O.! 9.47 3.66 2.14

ADULTES! 7.36 2.84 1.26

!STANDARD DEVIATIONS- NB. INCORRECT DIFFERENT SEQUENCES (NIS)!

N N N N R N
5-6 Y.O.! 4.00 3.37 2.68 ! 3.90 5.66 4.88
9-10 Y.O.! 2.60 3.17 3.83 ! 1.80 4.47 3.66
14-15 Y.O.! 2.30 2.15 1.41 ! 2.10 4.86 .94 !

ADULTES! 1.80 1.73 1.62 ! 1.70 4.37 1.50

N D N D R N
5-6 Y.O.! 2.20 2.50 3.97 ! 2.70 3.99 2 49
9-10 Y.O.! 1.60 1.83 1.33 I 2.40 4.06 2.32
14-15 Y.O.! 1.70 1.38 .84 I 2.10 3.50 1.37

ADULTES! 2.10 1.63 1.26 I 3.50 3.01 3.09

R D N
5-6 Y.O.! 4.00 4.52 3.04 1

9-10 Y.O.! 3.80 3.62 1.70 !
14-15 Y.O.! 3.30 3.36 2.45 1

ADULTES! 3.90 1.86 1.59 !

: NIS: meam and standard deviatcxs In each
apm==ntal aip md in each age roup

is



!MEANS - NB. SEQ. DIFF. 2 PREV. (NSD%)!

N N N N R N
1 5-6 Y.O.! 12.40 9.13 10.20 ! 12.94 12.55 10.77
! 9-10 Y.O.! 16.20 11.93 11.30 ! 16.27 14.16 10.22
1 14-15 Y.o.! 18.30 19.70 20.41 ! 16 11.45 9.55

ADULTES! 15.30 14.09 13.23 ! 13.50 14 17.60

N D N D R N
5-6 Y.O.! 7.81 16 10.06 ! 17.23 15 12

9-10 Y.O.! 13.57 24.94 19.84 ! 31 17.11 27
| 14-15 Y.O.! 20.52 38.42 32.15 ! 35.85 11.33 21.09

ADULTES! 15.55 37.95 27.20 1 35.85 9.95 22.90

R D N
5-6 Y.O.! 14.64 15.64 11.05 !
9-10 Y.O.! 15.58 25 20.17 !
14-15 Y.O.! 11.11 29.66 25.70 !

ADULTES! 9.36 31.15 26.89 !

!STANDARD DEVIATIONS - NB. SEQ. DIFF. 2 PREV. (NS.)!
------------------------------------------------------------

N N N N R N
5-6 Y.O.! 8.00 5.42 7.62 I 7.30 6.03 4.96

9-10 Y.O.! 10.73 10.51 11.12 ! 10.80 6.11 9.09
14-15 Y.O.! 12.20 12.28 12.07 ! 11.30 6.41 8.00

ADULTES! 11.60 10.59 11.90 ' 8.60 10.19 15.56

N D N D R N
5-6 Y.O.! 6.90 7.06 8.91 1 7.60 5.78 5.65

9-10 Y.O.! 7.70 7.21 14.39 ! 9.90 5.61 12.96
14-15 Y.O.! 12.00 5.84 15.51 I 7.20 9.05 15.15

ADULTES 9.80 7.22 17.02 6.50 7.30 16.03

R D N
5-6 Y.O.! 4.20 5.68 6.09

9-10 Y.O.! 5.90 9.61 14.48 '
14-15 Y.O.! 6.10 9.08 16.69

ADULTES! 5.00 10.17 16.41

TABLE1..: NSD2 : me=s and sandard deviaacons in each
peimwtal group ax in ead age group
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tMEANS - SEQUENCES UNCERTAINTY ( U(S)

N N N N R N
5-6 Y.O.! 2.14 1.57 1.45 1 2.14 2.72 1.97

9-10 Y.O.! 2.01 1.44 1.40 ! 1.75 2.87 1.25
! 14-15 Y.O.! 2.01 1.81 1.78 1 1.83 2.10 .96

ADULTES! 1.79 1.67 1.53 1 1.83 2.34 1.66

14 D N D R N4
5-6 Y.O.! 1.35 2.10 1.36 1 2.69 2.44 1.54

9-10 Y.O.! 1.82 2.74 1.90 1 3.34 3.23 2.68
14-15 Y.O.! 2.10 3.45 2.53 1 3.52 1.66 1.94

ADULTES! 2.03 3.38 2.48 I 3.48 1.96 2.12

fR D N
5-6 Y.O.! 2.25 2.54 1.79 !

9-10 Y.O.! 3.59 3.08 2.16 !
! 14-15 Y.O.! 2.81 3.21 2.32 1

ADULTES! 2.21 2.89 2.12 1

!STANDARD DEVIATIONS - SEQUENCES UNCERTAINTY ( U(S)

N N N N R N
5-6 Y.O.! 1.10 .97 1.11 ! 1.07 1.27 1.14
9-10 Y.O.! 1.12 1.09 1.22 I .94 1.12 1.24
14-15 Y.O.! 1.22 1.08 .96 1 1.00 1.17 .76

ADULTES! 1.16 1.16 1.13 ! 1.04 1.11 1.36

N D N D R N
5-6 Y.O.! .96 .75 1.28 ! .90 1.03 .77

9-10 Y.O.! .96 .67 1.17 1 .77 .98 1.03
14-15 Y.O.! 1.12 .30 1.28 I .53 .88 1.39

ADULTES! 1.17 .79 1.49 I .53 .84 1.35

R D N
5-6 Y.O.! .94 .98 1.05

9-10 Y.O.! .66 .94 1.22 1
14-15 Y.O.! .98 .57 1.88 I

ADULTES! .98 .70 1.06 1

IABLE1.: U(S): means and standard deviations ti each
experimental group and in eah age group
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MEANS - CORRECT SEQUENCES UNCERTAINTY (U(CS))!

N N N N R N
5-6 Y.O.! 1.31 .95 .92 ! 1.36 1.68 1.30

9-10 Y.O.! 1.63 1.17 1.18 ' 1.46 1.73 1.02
14-15 Y.O.! 1.71 1.61 1.60 ! 1.60 1.31 .82

ADULTES! 1.52 1.42 1.23 1 1.51 1.62 1.54 !

N D N D R N
5-6 Y.O.1 .75 1.55 .92 1.97 1.58 1
9-10 Y.O.! 1.37 2.41 1.71 1 2.94 2.16 2.40
14-15 Y.O.! 1.88 3.33 2.49 3.29 1.12 1.84

ADULTES! 1.74 3.29 2.35 1 3.24 1.05 1.93

R D N
5-6 Y.O.! 1.46 1.69 1.05 1

9-10 Y.O.1 2.27 2.52 1.94 !
14-15 Y.O.! 1.57 2.76 2.01 !

ADULTES! 1.20 2.59 1.99 !
-------------------------------------------------------------

!STANDARD DEVIATIONS- CORRECT SEQUENCES UNCERTAINTY (U(CS))!
-------------------------------------------------------------

N N N N R N
5-6 Y.O.! .97 .66 .83 1 .83 1.07 .79

9-10 Y.O.! 1.06 .99 1.12 ' .93 .91 1.01
14-15 Y.O.! 1.10 1.00 .93 ' .98 .86 .75

ADULTES! 1.09 1.07 1.14 ' .93 1.01 1.34

N D N D R N
5-6 Y.O.! .78 .70 1.01 1 .97 .88 .59

9-10 Y.O.! .86 .67 1.15 .80 .82 1.0'.
14-15 Y.O.! 1.10 .32 1.26 1 .56 .67 1.32

ADULTES! 1.05 .76 1.45 I .51 .72 1.39

R D N
5-6 Y.O.! .47 .69 .71

9-10 Y.O.! .77 .93 1.16
14-15 Y.0.! .90 .77 1.26 !

ADULTES! .73 .74 1.05 1

TABLE1S: U (CS): means and stmdard deviations in each
expercnmtal grup and m esd6 age group
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IMEANS - INCORRECT SEQUENCES UNCERTAINTY U(IS)

N N N N R N
1 5-6 Y.O.! 1.94 1.59 1.24 1 1.67 2.48 1.59
1 9-10 V 0.1 1.16 .64 .58 ! .86 2.79 .63

14-15 Y.O.! 1.05 .73 .46 I .71 2.12 .25
ADULTES! .88 .78 .53 I .96 1.88 .36

N D N D R N
5-6 Y.O.I 1.09 1.48 .98 1 1.93 2.23 1.33

9-10 Y.O.! 1.13 1.16 .63 ! 1.78 2.72 .89
14-15 Y.O.! .76 .72 .13 I 1.04 1.26 .33

ADULTES! .94 .50 .47 I .98 2.36 .12

R D N
5-6 Y.O.! 1.93 2.07 1.60 I

9-10 Y.O.! 3.11 1.93 .98 1
14-15 Y.O.! 2.81 1.33 .77 !

ADULTES! 2.47 1.29 .49 !
------------------------------------------------------------

!STANDARD DEVIATIONS - INCORRECT SEQUENCES UNCERTAINTY U(IS)

N N N N R N
5-6 Y.O.! 1.07 .94 1.06 1 1.15 1.29 1.23

9-10 Y.O.! 1.03 .95 .96 I .95 .79 1.04
14-15 Y.O.! 1.03 .92 .72 I .94 1.14 .53

ADULTES! .96 .77 .71 I .8,. 1.18 .76

N D N D R N
5-6 Y.O.! .90 .92 1.17 I .89 .72 .99

9-10 Y.O.! .74 .9z. .75 ! 1.00 .75 .97
14-15 Y.O.! .86 .73 .41 1 .96 1.25 .67

ADULTES! .94 .84 .69 I 1.11 .83 .40

R D N
5-6 Y.O.! 1.14 .92 .97 1

9-10 Y.O.! .50 .95 .83
14-15 Y.O.! .55 1.11 .96

ADULTES! .80 .83 .76 1

TABLE9: U(I): means and sandard deviadow in each
exprimetal group and in each ag group

19



IMEANS - MEAN REALIZATION TIME (MTR)

N N N N R N
5-6 Y.O.i 4.96 3.00 2.21 ! 5.02 5.17 4.05

9-10 Y.O.! 3.46 1.59 1.73 ! 3.13 4.06 1.86
1 14-15 Y.O.! 3.48 1.49 1.29 I 1.98 3.56 1.21
! ADULTES! 2.34 1.31 1.20 1 1.69 4.15 .97

N D N D R N
1 5-6 Y.O.! 6.47 4 3.22 ! 6.08 4.30 3.08
! 9-10 Y.O.! 2.98 2.29 1.84 ! 4.11 3.61 2.05
I 14-15 Y.O.! 1.89 1.71 1.13 ! 2.65 3.08 1.15
I ADULTES! 2.10 2.19 1.22 1 2.88 3.40 2.92

! D N
5-6 Y.O.! 5.77 4.36 3.55 !

9-10 Y.O.! 5.44 2.71 2.09 !
14-15 Y.O.! 3.96 2.05 1.28 !

ADULTES! 5.61 2.19 1.46 !
I-----------------------------------------------------------------
!STANDARD DEVIATIONS - MEAN REALIZATION TIME (MTR)
--- ------------------------------------------------------

N N N N R N
5-6 Y.O.! 1.92 1.18 1.12 1 2.47 2.25 3.47

9-10 Y.O.! 1.89 .74 1.64 1 1.69 1.86 1.13
14-15 Y.O.! 3.03 1.12 .71 ! 1.04 1.33 .71

ADULTES! 1.76 .76 .65 1 1.20 2.10 .37

N D N D R N
5-6 Y.O.! 3.80 2.07 1.65 ! 2.45 1.21 1.15

9-10 Y.O.! 2.03 1.02 1.32 1 1.25 1.62 1.26
I 14-15 Y.O.! 1.40 .72 .36 ' 1.66 1.09 .50

ADULTES! 1.64 1.23 .48 1 1.75 1.73 4.05

R D N
5-6 Y.O.! 2.69 2.22 1.98 1

9-10 Y.O.! 2.77 .92 1.02 1
14-15 Y.O.! 1.71 .87 .71 1

ADULTES! 3.55 .94 .58 1
--- --------------------------------------------------------

TAB .!2 : MTR • ndm su manda d-Avianis in aich
exprmntal group and m each age group

20



----------- -
IMEANS - MEAN LATENCY TIME (MTL)

N N N N R N
1 5-6 Y.O.! 2.26 1.27 1.53 ! 2.27 2.22 2.24
1 9-10 Y.O.! 1.22 .81 .93 I 1.06 1.16 .92

14-15 Y.O.! 1.38 .74 .74 I .82 .91 .60
ADULTES! .94 .73 .60 1 .73 1.03 .62

N D K D R N
5-6 Y.O.! 1.99 2.84 1.74 ! 2.58 1.79 1.76

1 9-10 Y.O.! 1.25 .95 .92 ! 1.69 1.25 1.28
1 14-15 Y.O.! .90 .88 .84 ! .93 .81 .84

ADULTES! 1.02 .97 .75 1.06 1.01 .68

R D N
5-6 Y.O.! 1.87 1.73 1.56 !

9-10 Y.O.! 1.80 1.06 1.21 !
1 14-15 Y.O.! 1.35 .83 .67 1

ADULTES! 1.73 1.48 .77 !
----------------------------------------------------

!STANDARD DEVIATIONS - MEAN LATENCY TIME (MTL)
----------------------------------------------------

N N N N R N
5-6 Y.O.! .93 .48 .81 ! 1.35 1.29 1.46
9-10 Y.O.! .40 .18 .36 ' .48 .66 .43
14-15 Y.O.! 1.13 .38 .32 1 .37 .42 .23

ADULTES! .65 .34 .18 1 .36 .46 .19

N D N D R N
5-6 Y.O.! 1.04 1.88 1.10 I 1.22 .61 .75

9-10 Y.O.! .91 .55 .61 ! .62 .57 1.33
14-15 Y.O.! .52 .37 .43 I .36 .35 .74

ADULTES! 1.16 .41 .41 1 .49 .31 .28
9 !

R D N
5-6 Y.O.! .84 .68 .35 !

9-10 Y.O.! 1.14 .66 1.47 !
14-15 Y.O.! .96 .58 .38 !

ADULTES! 1.22 I.50 .31 !

TjBE 11: UrTL: means and sandard dviatbm i each
exp ,-mtaj Sup and in ead age Soup
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CORRECT SEQUENCE (ICS)

GNxx Rxx Dxx I nN nR nD

5-6 Y.O. ! 77.06 78.35 76.92 81.73 58.66 86.87
9-10 Y.O. ! 89.61 51.52 89 94.26 67.55 91.15
14-15 Y.O. 1 93.92 65.61 92.57 ! 95.29 80.11 96.75
ADULTS ! 92.55 75.78 91.80 ! 93.33 .80.50 96.84

I---------------------------------------------------------------------------
I nnN nrN ndN drN rdN

! 5-6 Y.O. 1 87.20 75.55 89.62 88.15 78.82
9-10 Y.O. 1 92.90 93.77 95.75 92.82 94.58

i -14-15 Y.O. 1 96.23 97.40 99.05 97.42 92.87
I ADULTS 1 91.52 97.50 96.10 94.10 97.17

---------------------------------------------------------------------
! nR dR nD rD

5-6 Y.O. ! 58.66 73.69 I 86.87 71.17
9-10 Y.O- ! 67.55 61.41 ! 91.15 82.82
14-15 Y.O. ! 80.11 86.28 1 96.75 87.52
ADULTS ! 80.50 82.20 ! 96.84 93.26

----------------------------------------------------------------------------I
! F-GNxx N-GNxx I F-Rxx M-Rxx ' F-Dxx N-Dxx

5-6 Y.O. I 75.42 79.20 ! 82.22 74 ' 73 80
9-10 Y.O. I 91.93 87.21 1 56 46.50 I 92.28 86.80
14-15 Y.O. 1 94.10 93.50 I 65.80 65.30 ' 94.40 91.10
ADULTS 1 93.50 91.90 ! 81 72 1 94 90.60! I I'

I------------------------------------------------------------------------------------------------------

TA.LEI.12.:%CS: - m mafunctionaiandofpresentaftic

(F females; M - males

7 DOMINANT SEQUENCE (%DS)
-------------------------------------------------------------------------

! GNxx Rxx Dxx nN nR nD

5-6 Y.O. 60.48 49.52 36.92 67.46 44.11 49.50
9-10 Y.O. 1 59.54 27.40 23.80 64.80 45.44 33.36
14-15 Y.O. I 53.57 46 20.57 I 54.58 59.20 20.52
ADULTS I 57.70 57.70 20.70 I 62.47 51.60 21.80

I . . . . . . . . . ..9. . . .
. . . .

I------------------------------------------------------------------------------------------------------
, nnN nrN ndN drN rdN

5-6 Y.O. 1 67.86 55.88 70.50 68.92 61.52
9-10 Y.O. 1 66.80 73.77 55.57 38.94 48.82
14-15 Y.O. I 54.70 74.80 39.47 53.04 45.52

I ADULTS 1 63.71 61.10 43.20 49.10 44.73

------------------------------------------------------------------------------------------------------

nR dR n nD rD

5-6 Y.O. I 44.11 50.46 ' 49.50 40.94
9-10 Y.O. ! 45.44 36.94 I 33.36 31.17

1 14-15 Y.O. ' 59.20 62.66 I 20.52 24.47
ADULTS 51.60 61.80 t 21.80 28.52

---------------------------------------------------------------------------- I
I I F-GNxx N-GNxx I F-Rxx M-Rxx ' F-Dxx M-Dxx

6).9 3 .2 21.0
1 14-15 Y.O. 1 55.42 49.66 1 51 39.55 1 20.80 20.30
1 ADULTS 1 60.60 55.80 I 64 53.20 I 21.10 20.40
I !
9------------------------------------------------------------------------------------------------------

TALE 1 13:% DS: - me n a function of age anxd apresentatxi
or'der of ma trx w'p e e s n af n to t ag n f m .i h is

session (F - females; M -males) fl
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NB CORRECT DIFFERENT SEQUENCES (NCS)

GNxx Rxx Dxx nrN nR nD,

5-6 Y.O. ! 4.65 5.40 6.60 ! 3.93 5.72 5.25
9-10 Y.O. 5.90 8.20 11.40 ! 4.20 6.94 8.57

1 14-15 Y.O. ! 6.90 6.40 13.30 ! 5.76 5.35 13.63
ADULTS 1 6.65 5.15 13 I 6 6.80 13.55: i "i

----------------------------------------------------------------------------
nn nrN ndN drN rdN

5-6 Y.O. 1 3.86 4.50 4.06 4.46 4.52
1 9-10 Y.O. ! 4.60 4.83 6.89 9.70 7.76
! -14-15 Y.O. 5.94 3.25 9.73 7.66 7.70
I ADULTS 1 5.09 6.45 10.15 8 7.05

----------------------------------------------------------------------------I
nR dR nD rD

5-6 Y.O. ! 5.72 5.76 ! 5.25 5.82
9-10 Y.O. ! 6.94 7.70 ! 8.57 9.58
14-15 Y.O. 5.35 4.47 ! 13.63 10.47
ADULTS ! 6.80 4.60 I 13.55 8.89
t II

9------------------------------------------------------------------------------------------------------
! F-GNxx M-GNxx F-Rxx H-Rxx ' F-Dxx N-Dxx 9

5-6 Y.O. ! 4.50 4.80 5.50 5.20 ! 5.60 7.40
9-10 Y.O. , 6 5.80 , 7.50 9 1 12.80 10.40
14-15 Y.O. ! 6.50 7.60 ' 5.90 7.20 1 13.10 13.50
ADULTS 5 7.60 ! 4.20 5.80 ! 13.40 12.80

----------------------------------------------------------------------------

TABLE 1.14.:NCS: - , asania agxeandofresentain
order of ma=ix ype

mean as a funtn of age and of sex, in the fint
session (F - fema' -- .- males)

NB INCORRECT DIFFERENT SEQUENCES (NIS)

I ! GNxx Rxx Dxx rnN nR nD,

5-0 Y.O. 1 4.69 5.70 5.15 1 4.33 9.33 3.62
9-10 Y.O. I 2.80 11.40 4.30 ! 2.05 9.16 2.84
14-15 Y.O. I 2.14 9.47 2.61 I 1.82 6.40 1.63
ADULTS ' 2.30 7.30 2.90 2 5.70 1. 40

---------------------------------------------------------------------------- I
nnN nrN ndN drN rdN

5-6 Y.O. ' 3.26 5.22 3.06 3.30 4.41
9-10 Y.O. I 2.10 2.16 1.62 2.41 2.17

14-15 Y.O. ' 1.47 .95 .47 1 2.14
ADULTS I 1.61 1.05 1.36 1.30 1.26SI9

I-------------------------------------------------------------------- ------- I
! nR dR nD rD,

5-6 Y.O. ! 9.33 6.53 1 3.62 6.29
9-10 Y.O. ! 9.16 9.17 I 2.84 5.11
14-15 Y.O. ! 6.40 3.71 I 1.63 3.66
ADULTS 5.70 6.40 ! 1.40 2.84
! 1

---------------------------------------------------------------------------- I
! F-GNxx H-GNxx ' F-Rxx M-Rxx . F-Dxx M-Dxx

! S-6 Y.O. 1 4.40 5 ! 5.60 5.70 , 5.50 4.80
9-10 Y.O. 1 2.40 3.20 1 10.30 12.60 ! 3.40 4.90

! 14-15 Y.O. ! 1.97 2.50 ! 8.60 10.50 ! 2.30 2.80
I ADULTS I 1.80 2.60 ! 6.20 8.10 ! 2 3.30I i I !
9------------------------------------------------------------------------------------------------------

TABL.15.: NIS: -mas as a function of age a d of presentatm
Mier of mauix ype

means as a functin of age and of sex, i the fugs
session (F - females; M - males)
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NS. SEQUENCES DIFF. 2 PREV. (NSD2)

GNxx Rxx Dxx rim nR nD

5-6 Y.O. ! 11.10 14.64 17.23 I 9.13 12.5S 16
9-10 Y.O. I 15.35 15.58 31 11.93 14.16 24.94
14-15 Y.O. ! 18.25 11.52 35.85 19.70 11.45 38.42
ADULTS I 14.81 9.36 35.85 ! 14.09 14 37.95

1---------------------------------------------------------------------------
nn4 nrN ndN drN rdN

5-6 Y.O. 1 10.20 10.77 10.06 12 11.05
9-10 Y.O. ! 11.30 10.22 19.84 27 20.17
14-15 Y.O. : 20.41 9.55 32.15 21.09 25.70
ADULTS 1 13.23 17.60 27.20 22.90 26.89

9 1
---------------------------------------------------------------------

flR dR I nD rD

5-6 Y.O. ! 12.55 15 16 15.64
9-10 Y.O. ! 14.16 17.11 ! 24.94 25

1 14-15 Y.O. ! 11.45 11.33 1 38.42 29.66
ADULTS 1 14 9.95 1 37.95 31.15

-------------------------------------------------------------------------------------------------------
I F-GNxx M-GNxx ! F-Rxx M-Rxx ' F-Dxx M-Dxx 6

5-6 Y.O. 1 10.89 11.38 ! 16.77 12.25 ! 14.33 19.71
9-10 Y.O. ! 16.79 13.85 ! 15.33 15.87 ! 31.28 30.90
14-15 Y.O. ! 16.63 21.66 ! 10.25 13.22 ! 36.11 35.66

I ADULTS ! 13.16 15.89 1 8.37 10.09 ! 36.57 35.46
I 1

I---------------------------------------------------------------------------

IALEL1L: NSD 2 : - mcw a funcnx of age and of pewntma

arder of ma= x p
- means as a functin of age and of sex, i the fu.z.

session (F - females- M - males)

SEQUENCES UNCERTAINTY (U(S))

GNxx Rxx Dxx nN nR nD

5-6 Y.O. 1 1.80 2.20 2.60 ! 1.57 2.72 2.10
9-10 Y.O. 1 1.86 3.59 3.34 I 1.44 2.87 2.74
14-15 Y.O. 1 1.97 2.81 3.52 1 1.81 2.10 3.45
ADULTS I 1.89 2.21 3.48 I 1.67 _2.34 3.38

I------------------------------------------------------------- --------------- II I

nnN nrN ndN drN rdN

-5-6 Y.O. ! 1.45 1.97 1.36 1.54 1.79
1 9-10 Y.O. ! 1.40 1.25 1.90 2.68 2.16
-14-15 Y.O. I 1.78 .96 2.53 1.94 2.32

ADULTS 1 1.53 1.66 2.48 2.12 2.12
! I
---------------------------------------------------------------------------- I

nR dR I nD rD

5-6 Y.O. : 2.72 2.44 ! 2.10 2.54
9-10 Y.O. ! 2.87 3.23 I 2.74 3.08
14-15 Y.O. 1 2.10 1.66 1 3.45 3.21

I ADULTS ! 2.34 1.96 1 3.38 2.89
! !I

------------------------------------------------------------------------ I
F-GNxx M-GNxx ' F-Rxx N-Rxx F-Dxx M-Dxx

5-6 Y.O. 1 1.80 1.90 I 2.30 2.20 ! 2.50 2.80
9-10 Y.O. ! 1.89 1.84 1 3.32 3.88 ! 3.40 3.25
14-IS Y.O. ! 1.86 2.22 1 2.58 3.12 I 3.43 3.58
ADULTS I 1.58 2.08 1 1.90 2.40 I 3.47 3.48

---------------------------------------------------------------------------- I

. : E(17):u - mem wa functinfageanopresetafii
o:ir ci ma ripe

me=a s a function of ag and of sex, in the ftM
S " fema M - Malm)
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CORRECT SEQUENCES UNCERTAINTY (U(cs)

I GNxx Rxx Dxx nN nR nD

5-6 Y.O. 1 1.15 1.,6 1.97 ! .95 1.68 1.55
i 9-10 Y.O. ! 1.49 2.27 2.94 ! 1.17 1.73 2.41
! 14-15 Y.O. ! 1.73 1.57 3.29 ! 1.61 1.31 3.33
I ADULTS I 1.59 1.20 3.24 ! 1.42 1.62 3.29

---------------------------------------------------------------------------- I
I nnN nrN ndN drN rdN

i I
!5-6 Y.O. 1 .92 1.30 .92 1 1.05
1 9-10 Y.O. ! 1.18 1.02 1.71 2.40 1.94
I 14-15 Y.O. ! 1.60 .82 .2.49 1.84 2.01
I ADULTS ! 1.23 1.54 2.35 1.93 1.99! I

--------------------------------------------------------------------- I
! nR dR nD rD

5-6 Y.O. 1 1.68 1.58 ! 1.55 1.69
1 9-10 Y.O. 1 1.73 2.16 1 2.41 2.52

14-15 Y.O. ! 1.31 1.12 1 3.33 2.76
I ADULTS . 1.62 1.05 ! 3.29 2.59I I I

---------------------------------------------------------------------
I F-GNxx H-GNxx ! F-Rxx M-Rxx F-Dxx M-Dxx

5-6 Y.O. 1 1.13 1.17 ! 1.52 1.39 1.59 2.29
9-10 Y.0. 1 1.54 1.44 I 2.12 2.43 I 3.20 2.77
14-15 Y.O. 1 1.62 1.94 1 1.39 1.81 1 3.25 3.32

i ADULTS ! 1.34 1.76 1 .95 1.38 1 3.29 3.21

I---------------------------------------------------------------------------

TBEIj18: U(CS) - me=as a fcion of age and of pwesttaiz
arde of maUtx M - means s a functicn cf age and of sx, ti the &n

session (F - females; M Males)
INCORRECT SEQUENCES UNCERTAINTY (U(IVJ

! GNxx Rxx Dxx nN nJR nD

5-6 Y.O. 1 1.56 1.93 1.93 1 1.59 2.48 1.48
9-10 Y.O. 1.06 3.11 1.78 I .64 2.79 1.16

14-15 Y.O. 1 .83 2.84 1.04 ! .73 2.12 .7_
ADULTS 1 .93 2.47 .98 1 .78 1.88 .50

-------------------------------------------------------------------------------------------------------

nnN nrN ndN drN rdN

5-6 Y.O. I 1.24 1.59 .98 1.33 1.60
9-10 Y.O. 1 .58 .63 .63 .89 .98

14-15 Y.O. 1 .46 .25 .13 .33 .77
ADULTS ! .53 .36 .47 .12 .49

I---------------------------------------------------------------------------
I nR dR I nD rD

5-6 Y.O. 1 2.48 2.23 1 1.48 2.07
9-10 Y.O. ! 2.79 2.72 ! 1.16 1.93
14-15 Y.O. ' 2.12 1.26 ! .72 1.33
ADULTS I 1.88 2.36 1 .50 1.29

9------------------------------------------------------------------------------------------------------
F-GNxx N-GNxx ! F-Rxx N-Rxx * F-Dxx M-Dxx

5-6 Y.O. 1 1.48 1.67 ! 2.07 1.78 '2.08 1.79
9-10 Y.O. I .89 1.23 I 2.95 3.29 ! 1.53 1.95
14-15 Y.O. I .76 .96 i 2.63 3.12 I .90 1.15

ADULTS 1 .65 1.11 ' 2.22 2.66 ! .67 1.15
---------------------------------------------------------------------------- I

TABL 19: U(IS): - s afunction a( age and of presention
order o( matrx type

-means as a functin ct age and of sex, in the fluM

session (F - females; M = males)
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MEAN REALIZATION TIME (MTR)

GNxx 1Rxx Dxx nN nR nD

5-6 Y.O. 5.47 5.77 6.08 3 5.17 4
9-10 Y.O. ! 3.20 5.44 4.11 1.59 4.06 2.29

i 14-15 Y.O. 1 2.40 3.90 2.62 1.49 3.56 1.71
I ADULTS ! 2.05 5.65 2.80 ! 1.31 4.15 2.19

I------------------------------------------------------------ --------------
! nnN nrN ndN drN rdN

! 5-6 Y.O. ! 2.21 4.05 3.22 3.08 3.55
1 9-10 Y.O. ! 1.73 1.86 1.84 2.05 2.09

14-15 Y.O. I 1.29 1.21 1.13 1.15 1.28
ADULTS ! 1.20 .97 1.22 2.92 1.46

9-----------------------------------------------------------------------------------------------------
nR dR I nD rD

5-6 Y.O. ! 5.17 4.30 ! 4 4.36
9-10 Y.O. I 4.06 3.61 I 2.29 2.71
14-15 Y.O. ! 3.56 3.08 I 1.71 2.05
ADULTS ! 4.15 3.40 1 2.19 2.19

---------------------------------------------------------------------------
F-GNxx M-GNxx i F-Rxx M-Rxx ' F-Dxx M-Dxx

5-6 Y.O. ! 5.55 5.37 ! 6.12 5.38 7.03 5.26
9-10 Y.O. ! 3.30 3 1 5.74 5.10 I 4.65 3.74
14-15 Y.O. 1 2.57 2.04 I 4.41 3.36 1 3.52 1.94
ADULTS 1 1.88 2.16 ' 5.09 6.03 1 2.59 2.91

I 9-- ---

3:A i12: NR: - meas a a functki of age and of presentai n

M. mens as a ftuncxid at age and of sex, in the OM

sesion (F - females; M - male)

MEAN LATENCY TIME (MTL)

GNxx Rxx Dxx nN nR nD

5-6 Y.O. ! 2.18 1.87 2.58 1.27 2.22 2.84
9-10 Y.O. 1 1.18 1.80 1.69 ! .81 1.16 .95
14-15 Y.O. I 1.02 1.26 .93 1 .74 .91 .88
ADULTS ! .90 1.73 1.06 I .73 1.03 .97

I------------------------------------------------------------------------------------------------------

nnN nrN ndN drN rdN

5-6 Y.O. ! 1.53 2.24 1.74 1.76 1.56
9-10 Y.O. I .93 .92 .92 1.28 1.21
14-15 Y.O. I .74 .60 .84 .84 .67
ADULTS 1 .60 .62 .75 .68 .77

---------------------------------------------------------------------------
! I nR dR ! nD rD

5-6 Y.O. ! 2.22 1.79 ! 2.84 1.73
9-10 Y.O. I 1.16 1.25 ! .95 1.06
14-15 Y.O. ! .91 .81 1 .88 .83
ADULTS [ 1.03 1.01 ! .97 1.48

I 1
I---------------------------------------------------------------------------I

I F-GNxx M-GNxx i F-Rxx M-Rxx * F-Dxx M-Dxx

! 5-6 Y.O. I 2.50 1.74 1 1.71 2.05 ! 2.35 2.78
9-10 Y.O. 1 1.19 1.18 1 1.54 2.09 ! 1.58 1.76

14-15 Y.O. ! 1.11 .83 I 1.39 1.10 ! 1.11 .79
ADULTS .70 1.03 1 1.30 2 I 1.09 1.04

-------------------------------------------------------------------------------------------------------

TL.LE_2.L: MrT: - mem funcn of age mid of presetatcm
m mans as afmc ic of age and of sex, in the fu%

seon (F - females; M - mals)
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CONDITIONAL UNCERTAINTY OF RESPONSES (U(R/s)

I RI R2 R3 R4 R5 R6

I GN

1 5-6 Y.O. 1 .54 .37 .32 .36 .19 .10
9--10 Y.O. 1 .65 .3e .38 .24 .13 .05 1

114-15 Y.O. I .72 .42 .39 .25 .12 03
ADULTS I .65 .46 .36 .24 .i0 .04

R

1 5-6 Y.O. , .79 .38 .38 25 .23 .21
! 9-10 Y.O. , .84 .70 .59 .56 .54 .42
114-15 Y.O. 1 .65 .61 .54 .42 .37 .23

ADULTS 1 .62 .4/4 .41 .35 .22 .16

D,9

5-6 Y.O. 1 .80 .52 .4C' .49 .29 .20
I 9-10 Y.O. I .89 .77 .7e .44 .22 .11
!14-15 Y.O. I .92 .88 .75 .49 .37 .07
! ADULTS 1 .93 .89 .81 .46 .29 .06

TABLE 1.22.: Means of the U(RI) nd U(R/s) a a functon of age and
of matrix type, in the first session
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Tab. 1.23. For each index, level of
signiication of the studentr-tests for
related samples for the 3 sessions of the
experimental group NNN among the 5-6 y.o.
(':p S .05 ; **:p S .01
N.S. = no significant).

%CS N N N

N

N ._ _

* N.S.

% DS NCS NIS

N.S.

N N.S. N.S.

U S) U(CS) U(IS)

N.S. N.S.

N.S. N.S. I

NSU2 MTR MTL

N.S. N.S. *N.S.
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Tab. 1.24. For each index, level of
signification of the student T-tests for
related samples for the 3 sessions of the
experimental group NNN among the 9-10 y.o.
(*%p s .05 ; *I:p : .01
N.S. = no significant).

%CS N N N

N

N
"" N.S.

N

_DS NCS NIS

N.S. " N.S.

NS N.S. N.S. N.S. N.S.

U(S) U(CS) U(IS)

N.S. N.S. N.S.

NSD2 MTR _ TL

* N.S. N.S.
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Tab. 1.25. For each index, level of

signification of the student T-tests for

related samples for the 3 sessions of the

experimental group NNN among the 14-15 y.o.

(-:p .05 ; **:p S .01
N.S. no significant).

%CS N N N

N
N. S.

N
N.S.

N

%DS NCS NIS

N.S. N.S. N.S.

N... N.S. N.S. H.S. N. S.

U(S) U(CS) U(IS)

N.S. N.S. N.S.

N.S. N.S.N.S. .S.

NSD2 MTR MTL

N.S. *

N.S. N.S. e H.S. H.S.

I I I I I I I I I l II 30



Tab. 1.26. For each index, level of

signification of the studentrI-tests for

related samples for the 3 sessions of the

experimental group NNN among the adults.

(':p .05 ; ,':p S .01
N.S. = no significant).

%CS N N N

N
N.S.

N
N.S. N.S.

N _

% DS NCS NIS

N.S. N.S. N.S.

U(S) U(CS) ___ _ __ ___U(IS)___

N.S. N.S. N.S.

N.S. N.S. N.S. N.S. N.S.

NS1D2 MTR _________ MTL______

N.S. N.S.

N.S. N.S. " N.S. "
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Tab. 1.27. For each index, level of

signfica ion of the student Ttests for

related samples for the 3 sessions of the

experimental group NRN among the 5-6 y.o.

(*,p 5.05 ; **:p s .01

N.S. wno significant).

PSCS N R N

N __

N N. S.

D S _________ NCS ___NIS

N.S. N.S.

N.S. N.S. N. S. N. S. N.S.

U(S) U (CS) UCIS)

N.S.

N.S. N.S. N. S. N.S.

NSD2 ______MTR - _ _ _ MTL - -

N.S. N.S. N.S.

N.S. N.S. N.S. N.S. NS. N.S.
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Tab. 1.28. For each index, level of

signification of the student T-tests for

related samples for the 3 sessions of the

experimental group NRN among the 9-10y.o.
(':p 5 .05 ; **:p s .01

N.S. no significant).

% CS N R N

N

R

N.S.
N

% DS NCS NIS

N. S..
- N.S. "N.S. "

U(S) U(CS) U (IS)

N.S.

- "N.S. * N.S.

NSD2 MTR MTL

N.S. N.S.

N.S. N. N.S.
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Tab. 1.29. For each index, level of
signification of the student T-tests for
related samples for the 3 sessions of the
experimental group NRN among the 14-15 y.o.
(':p 5 .05 ; "'"p 5 .01
N.S. = no significant).

%CS N R N

N

R

N.S.
N

% DS NCS NIS

N.S. N.S.

** I * I i I * t I

u(s) U(CS) U(IS)

N.S. N.S. 3"

*" "" *" 3 N.S. *"

NSD2 MTR MTL

3 "N.S.

N.S.
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Tab. 1.30. For each index, level of

signification of the student T-tests for

related samples for the 3 sessions of the

experimental group NRN among the adults.

(-.p s .05 ; *':p s .01
N.S. = no significant).

%CS N R N

N

R

N

% DS NCS NIS

N.S. N.S.

N.S, N.S. N.S. N.S.

U(S) U(CS) U(IS)

N.S. N.S.

NS. N. S. N.S. N.S. lS

NSD2 MTR MTL

N.S.

N.S. N.S.
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Tab. 1.31. For each index, level of

signification of the student T-tests for

related samples for the 3 sessions of the

experimental group NDN among the 5-6 y.o.

(-:p S .05 ; "*:p ! .01
N.S. no significant).

%CS N D N

N
N.S.

D
- N.S.

N

%DS NCS NIS

N.S.

N.S. " N.S. N.S. N.S. N.S.

U(S) U(CS) -. (IS)

N.S.

N.S. * N.S.I N.S.

NSD2 MTR MTL

N.S.

N.S. N.S. ''
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Tab. 1.32. For each index, level of

sTgnification of the student T-tests for

related samples for the 3 sessions of the

experimental group NDN among the 9-10 y.o.

(t p : .05 ; --:p s .01
N.S. = no significant).

%CS N D N

N

N.S.
D

N

% DS NCS NIS

N.S.

N.S. N.S. N.S.

U(s) U(CS) ,.,_ U(IS)

N.S.

N.S. N.S.

NSD2 MTR MTL

N.S. N.S.

N.S.

37



Tab. 1.33. For each index, level of

signification of the student T-tests for

related samples for the 3 sessions of the

experimental group NDN among the 14-15 y.o.

(*:p < .05 ; -,-p ! .01
N.S. = no significant).

%CS N D N

N

N

% DS NCS NIS

N.S.

N.S. N.S.

U(S) U(CS) U(IS)

N.S.

N.S. N.S. *

NSD2 MTR MTL

N.S. N.S.

8N.S. N.S.

!/
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Tab. 1.34. For each index, level of
signification of the student T-tests for
relat-d samples for the 3 sessions of the
experimental group NDN among the adults.
(*:p S .05 ; **.p 5 .01

N.S. no significant).

% CS N D N

N

N N.S.
N

% DS NCS NIS

N.S. '' N.S.

U(S) U(CS) U(IS)

N.S. ' '' N.S.

NSD2 MTR MTL

-U N.S. N.S.

"" "" "= N.S. '
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Tab. 1.35. For each index, level of

s;ignification of the stu&>iiT~r - -- for

related samples for the 3 seauioflB of the

experimental group DRN among the 5-6 y.o.

(W:p S .05 ; **:p S .01

N.S. =no significant).

%CS D R N

D
N. S.

R

N

%DS NCS NIS

N.S. N.S.

N.S.

U(S) Uj(CS) U(IS)

:.S. *N.S.

a. we SWN.S.

NSD2 MTR MTL

N. S.

N.S.
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Tab. 1.36. For each index. level of
signification of the student 7-testb for

related samples for the 3 sessions of -he

experimental group DRN among the 9-10 y.o.

(-:p 5 .05 ; "-.p 5 .01
N.S. = no significant).

%CS D R N

D

R

N

% DS NCS NIS

• N.S. N.S.

U(S) U(CS) U(IS)

N.S.

W' N.S. "a N.S. am ma

NSD2 MTR MTL

- N.S. N.S.

aN.S.
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Tab. 1.37. F'or each index, level of

siignification of the student-r-tests for

related samples for the 3 sessions of the

experimental group DRN among the 14-15 y.o.

(* p S .05 ; ** p S .01

N.S. =no significant).

%CS 0 R N

D__ _
N. S.

N I -A

D S ___NCS 
NIS

*3 33N.S.

N.S.

U(S) U(CS) ___U(IS)

33 *3N.S.

S N.S.

NSD2 ___ IR. - _ _ MTL___ __

*3N.S. N.S.

N.5. N.S.
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Tab. 1.38. For each index, level of

signification of the student r-tests for

related samples for the 3 sessions of the

experimental group DRN among the adults.

(*:p 1 .05 ; --:p s .01
N.S. = no significant).

% CS D R N

D

R
N.S.

N

%DS NCS NIS

U(S) U(CS) U (IS)

NSD2 ._ _ MTR ___MTL

N.S. N.S.

-" N.S ,, -NN. "
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Tab. 1,39. For each index, level Qf

signification of the student 7-tests for

related samples for the 3 sessions of the

experimental group RDN among the 5-6 y-o.

(':p 5 .05 ; *w:P & .01

M.S. = no significant).

%CS R D N

R
N.S.

DN S. 

N

%DS NCS NIS

NW.S. .S.

N.S. *NS.

U (S) U(CS) U (IS)

N.S. NS.

N.S.

NSD2 4T R MTL

_.S.S .. MS

M..MS
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Tab. 1.40. For each index, level of

signification of the student T-tests for

related samples for the 3 sessions of the

experimental group RDN among the 9-10 y.o.

(*:p s .05 ; "-p S .01
N.S. = no significant).

%CS R D N

R

D
am mm

N

% DS NCS NIS

N.S. N.S.

3* 32 N.S. 0* 3

U(S) U(CS) U(IS)

- N.S. ma

NSD2 MTR MTL

N.S. * - N.S. N.S.
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Tab. 1.41. For each index, level of
signification of the student 1 tests for
related samiples for the 3 sessions of the
experimental group RDN among the 14l15 y.o.
('*p S .05 ; *'..P :5 .01
N.S. =no significant).

%CS R -D N

% DS ___ _ __ NCS _ __ ___ NIS___ ___ ___

N.S. N.S.

U(S) ___ _ _ __ _-U(CS) __ _ ___ UCIS)___ _ __ _ _

N.S. *E E

N.S. UN.S E E

N SD2 ______ MTR ______ MTL_________

Ut N.S. U UN.S U
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Tab. 1.42. For each index, level of
signification of the student T-tests for
related samples for the 3 sessions of the
experimental group RDN among the adults.
(*:p :S .05 ; "I:p S .01
N.S. - no significant).

%CS R D N

R

ma mD

N

% DS NCS NIS

" "" N.S. '

(s) U(CS) U(IS)

N.S. mm {am,, mm

_ _ _ _L _ _ I ._ _ _ _ _

NSD2 MTR MTL

N.S.
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% CORRECT SEQUENCES (%CS)

!ANOVA (AGE X MATRIX)

!NAIVE SUBJECTS ! FACTOR AGE : F(3.352)= 11.29 : p4.0000
! FACTOR MATRIX : F(2:352) 62.85 : p'.0000 P

! AGE X MATRIX : F(6,352)= 9.52 p'.O000

'PRE-TRAINED SUBJECTS ! FACTOR AGE : F(3,207)=9.69': p,.0000
FACTOR MATRIX P2,207 =37.22: P(.0000
AGE X MATRIX : F(6,207)=9.62 : p(.0000

% DOMINANT SEQUENCE (%DS)

!ANOVA (AGE X MATRIX)

!NAIVE SUBJECTS ! FACTOR AGE : F(3,352)= 2.48: p,.06
FACTOR MATRIX F(2.352) = 66.16 : p.0000
AGE X MATRIX F(6.352)= 3.49 p<.002

!PRE-TRAINED SUBJECTS ! FACTOR AGE NS
! FACTOR MATRIX : F(2.207)= 41.33 : p.OC,00
! AGE X MATRIX : F(6,207)= 4.29 : p.0000

NB CORRECT DIFFERENT SEQUENCES (NCS)

!ANOVA (AGE X MATRIX)
!NAIVE SUBJECTS ! FACTOR AGE : FV3,352 = 9.3 : p< .0000 'N! FACTOR MATRIX F ,2352-= 61.13 p(.00C'0

! AGE X MATRIX : F(6.352)= 3.90 : p(.002

'PRE-TRAINED SUBJECTS ' FACTOR AGE : F 3.207W)1.85: p .0000
FACTOR MATRIX : F= S_27 I3.0D :p .O00
AGE X MATRIX : F(6,207)= 7.75 p(.0OOO

NB.INCORRECT DIFFERENT SEQUENCES (N S)

!ANOVA (AGE X MATRIX)
! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

!NAIVE SUBJECTS ! FACTOR AGE : F(3,352)= 6.09 p'.oCoC0
FACTOR MATRIX : F(2.352)=110.13 : p'.0000
AGE X MATRIX : F(6.352)=9.5 p' .0000

!PRE-TRAINED SUBJECTS ! FACTOR AGE : F(3.207)=8.10 p(.00 0 0

FACTOR MATRIX : F(2:207)=58.94 : p<.ooc
AGE X MATRIX : F(6,207)= :Ns

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

!ANOVA (AGE X MATRIX) .
! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

'NAIVE SUBJECTS ' FACTOR AGE : F(3.352)= 8.55 : p.0000

FACTOR MATRIX : F 2352) 101.4 : p.0000
AGE X MATRIX F(6.352)=6.37 : v.0000

'PRE-TRAINED SUBJECTS F FACTOR AGE : F 3,207=17.27 : p<.0000
1 FACTOR MATRIX 58: 2079858 .0000
I AGE X MATRIX F(6.207)=9.15 : p(.0000

TABLE 1.43: *CS, 9S, NCS, NIS, HSD2: ANOVA (qe i
max) m f fm m in to 3wond!s (dr N).
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SEQUENCES UNCERTAINTY (U(S)

!ANOVA (AGE X MATRIX)
! -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -

NAIVE SUBJECTS ! FACTOR AGE : F13,352)= 2.50 p.059
! FACTOR MATRIX : F,2,352 = 61.03 :p<.0000
! AGE X MATRIX : F(6,352)=3.65 p-.002

!PRE-TRAINED SUBJECTS ! FACTOR AGE :F(3 .207) = :NS
I FACTOR MATRIX F2 .207) 34.04: p(.0000
! AGE X MATRIX F(6,207)=4.59 : p,.0000

CORRECT SEQUENCES UNCERTAINTY (U(CS))

!ANOVA (AGE X MATRIX)

!NAIVE SUBJECTS I FACTOR AGE : F(3 352)= 7.16 p,.0000
FACTOR MATRIX : F(2'352) 69.14 : ,.LOC0
AGE X MATRIX : F(6,352)= 3.84 p(.001

!PRE-TRAINED SUBJECTS ! FACTOR AGE F(3,207)= 6.57 p<.0000
! FACTOR MATRIX F(2,207) 53.61 p'.0000
! AGE X MATRIX F(6,207)= 6.52 p(.0000

INCORRECT SEQUENCES UNCERTAINTY (U(IS))

!ANOVA (AGE X MATRIX)
! --------------------------------------------------------------------
!NAIVE SUBJECTS ' FACTOR AGE : F3.352)= 4.95 p'.002 '

FACTOR MATRIX F 2 352) = 73.74 : (,. '
AGE X MATRIX F(6.352)= 5.41 p<.O00

!PRE-TRAINED SUBJECTS ! FACTOR AGE : F(3,207)=7.34 : pc.0000
FACTOR MATRIX F(2 207) = 50.08. p'.oooo
AGE X MATRIX F(6,207)= : K

MEAN REALIZATION TIME (MTR)
!ANOVA (AGE X MATRIX)
! --------------------------------------------------------------------I

!NAIVE SUBJECTS ! FACTOR AGE : F(3.352 = 29.41 p' .000
FACTOR MATRIX F(2:352 =23.45 p,.0000
AGE X MATRIX F(6,352)=2.8 p'.01

!PRE-TRAINED SUBJECTS ! FACTOR AGE F(3.207) 14.94 : p(.0000
FACTOR MATRIX F(2 207) 51.89 p' .0000
AGE X MATRIX F(6,207)= NS

MEAN LATENCY TIME (MTL)

!ANOVA (AGE X MATRIX)
!---------------------------------------------------------------------------
!NAIVE SUBJECTS ! FACTOR AGE : F(3.352)=30.16 p(.0000
I i FACTOR MATRIX F(2,352 )=5.58 p(.004

AGE X MATRIX F(6.352)=3.11 p(.006

!PRE-TRAINED SUBJECTS ! FACTUk AGE : FN3207)=34.33: p(.0000
i FACTOR MATRIX F 2207)=9.09 p(.0000
! I AGE X MATRIX F(6.207)=3.6 p(.002

TABLE I 44: U(S), U(C S), U(I S), MTR, MTL: ANOVA (op I
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CORRECT SEQUENCES (%CS)

AGE 5-6 Y.O. I 9-10 Y.O. I 14-15 Y 0 I ADULTS

F(2,74)=.02! X2=36.49 I X2=41.37 I X2=22.73
NS ! p<.0000 I p<.0000 ! p<.0000

123 3 -33 3!1= GN i11 I1!

!2=R 12 12 12 12
!3=D 93 i3 3  3 a

% DOMINANT SEQUENCE (%DS)

AGE I 5-6 Y.O. ! 9-10 Y.O. I 14-15 Y 0. 9 ADULTS

F(2,74)=6.1! X2=41.46 I X2=31.68 ! X2=34.79
* ! p<0. 0 0 3 I p<.0000 I p".oooo I p<.0000
9 9 9 I 9

123 I 123 1 123 123
!1= GN ! 1 ! I ! 1 1 x

!2=R 12 12 "2 '2
!3=D !3 ' 13 ' 13 93

NB. CORRECT DIFFERENT SEQUENCES (NCS)

AGE 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y 0. ' ADULTS
------------------------------- I--------

F(2,74=2.2! X2=21.50 1 X2=28.11 ! X2=29.33
NS p(.0000 I p(.C'000 p, .0000

123 I 123 1 123 I 123
11= GN ! I i 1" ! 1
!2= R 12 2 12 2
!3= D 3 3 " 13 " "3

NB.INCORRECT DIFFERENT SEQUENCES (NrS)

AGE 1 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y 0. .' ADULTS .
--- -- -- -- -- -- -- -- -- -- -- - - - -- - - - - -- - - -

F(2,74)=.4 I X2=39.48 I X2=42.24 ' X2=26.66
NS I p<0.0000 pO0.0000 i p(0.0000

123 I 123 I 123 I 122
!1= GN 1 II a 1 "
!2=R 12 12 S 12 12
!3=D '3 13 "" 13 v3 S

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

I AGE 5-6 Y.O. 1 9-10 Y.O. ! 14-15 Y09O. ADULTS
----I----------------------------------------

' F(2,74)=3.9! X2=22.89 I X2=36.e9 I X2=43.7
!! p).02 I pO.0.0000 1 p(.0000

I 123 I 123 123 123
!1= GN 11 11 I
!2= R 2 !2 !2 1 !2
!3= D 3 !3 !3 !3

TABLE 1.4: CS, )S, NCS, HS, NSD2: -ANOVA (mai)
ad Ngvizunkcub i a 5-6 Y.O., m fst Pm 31.

-Krus1-Wafld
( n) Mam-Wihmy e amng 9-10 T.O., 14-15 Y.O,
ADULTS, m the fims
() mzr~atm a s 'zant difem c <.s

so



SEQUENCES UNCERTAINTY (U(S))

AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O ' ADULTS_;

F(2,74)=3.2! X2=40.44 ! X2=30.8 ' X2=28.77
p<.04 ! p(.0000 ! p<.ocoo ! p'.0OO0
123 ! 123 123 123

!1= GN ! 1 ! 1 ! 1 ! f I
!2=R 2 2 2  2
!3= D 33 *

CORRECT SEQUENCES UNCERTAINTY (U(CS))

AGE ' 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. ADULTS

F(2,74)=4.5! X2=26.73 ! X2=32.67 ! X2=2E.17
p(O.O1 ! p.0000 ! p.0000 p<.O000
123 ! 1 12212, I 1 2 3 . 1 2 3 .Ii 2 I1 2 3_

!1= GN ! 1 1!

!2=R 2 2
!3= D !'3 3 "3 as !s

INCORRECT SEQUENCES UPCERTAINTY (U(ZS))

AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. I ADULTS _

F(2,74)=.98! X2=40.7 ! X2=39.94 ! X2=27.81
NS p(.O000 p(.0000 p<.O0oo

123 ! 123 ! 123 123!1= GN fI l'
!2=R 2 '2 '2 2 2  '

!3=D '3 !3 32 !3 !3

MEAN REALIZATION TIME (MTR)

AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y. 0. ADULTS

F(2,74)=.371 X2=18.30 ! X2=17.19 ! X2=30.14
NS ! p<0.0001 p'0c.0002 ! p,0. 'J1D)

123 123 ! 123 1 23
!1= GN ! 1 ! 1 ! 1 a 1
!2=R !2 !2 !2 !2 "
!3= D 3 3 93 2 '3 s

MEAN LATENCY TIME (MTL)

AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.0 .. ADULTS-j
--------------------------------------------------------------

* F(2,74)=1.5! X2=12.44 X2= ! X2=20.03
NS p<O.002 I NS p(.O000

123 1 123 1 123 1 123
!1= GN ! 1 ! !Il !I
!2= R I 2 2 12 !2 " 9

!3= D 3 13 ! 13 !3

TABLE 1.46: U(S), U(C3), U ), M'R, M': -ANOVA (mmu)
and Neu mn-Keu]b emt awn4 fe 5-6 Y.O., in fr f=

-K-mka-Wk a
(Tnaz) an Man-Wit ny em ang 9-10 Y.O., 14-15 Y.0,
ADULTS, m te f= xm
(*) z " a anx5= differeme vtt, P<.0.
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SUJETS PREENTRAINES

CORRECT SEQUENCES (%CS)
------------------------------------------- -------------------------

AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y 0 ADULTS I
I------------------------------------ -------------

F(2,42)=6.8! F(2,54)=13.! F(2.53)=10.! F(2,59)=9.2i
p(.003 p(.0000 I p.0001 , p'.0003

123 1 123 I 123 1 123
!1= N ! 1 a 1 "1 a ! 1 a
!2=R '2 !2 12 12,
!3= D !3 1 3 3 " 13

% DOMINANT SEQUENCE (%DS)

AGE 5 5-6 Y.o. ! 9-10 Y.O. ! 14-15 Yo 0, ADULTS
-------- ----------------------------------- -- -- ADLS -

F(2,42)=6.5! F(2,54)=9.8! F(2,53)=19.I F(2,59)=18.!
p40.003 I p<.0002 ! p .0000 1 p<.0000

123 1 123 1 123 123!1= N 1 1 !1 ! 1!
!2= R 2 ' 12 a 12 2 a2
!3= D 3 a !3 " S 93 a

NB. CORRECT DIFFERENT SEQUENCES (NCS)

[ AGE 1 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y O ' ADULTS
-i---------------------------------,- -

' ' F(2,42)= ' F(2,54)=9.7! F(2,53)=49.! F(2.59)=18.!
NS p(.0002 I p.0000 I p'.0000

123 123 1 123 123
!1= N ! 1 ! 1 ! 1
!2= R 2 12 "2 12
!3= D 13 13 a 93 3" 3 as

NB.INCORRECT DIFFERENT SEQUENCES (NZS)

AGE I 5-6 Y.O. ! 9-10 Y.O. I 14-15 Y.O. ADULTS
- -- --- --- --- --- --- --- --- --- ----

F(2,42)=9.9! F(2 54)=25.! F(2.53)=13.! F(2,59)=13..I
* . p<.0003 I p 6 .0000 " p<O.O00u i p0.0,000
9 9 9 9 9

123 I 123 I 123 123
!1= N ' 1 " ' 1 a ! I ' 1 a
!2= R 2 '2 'z '2
!3= D 93 " - a- -3 a ! 3

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

ACE 1 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.0 ' ADULTS
-I------------------------------------------ ---------- ~t----;

F(2,42)=5.2! F(2 54)=13.! F(2,53)=51.! F(2,59)=42.!
p,.0009 ! p<6 .0000 I pl.0000 I p.OO0

' N 123 ! 123 I 123 i 123
!1= N 1 !l !1 !1
!2= R 2 2 12 !2
!3= D 3 a i !3 ! 3 !3 a s

TABLE 1.47. 9CS, 95DS, NCS, HIS, NSD2: - ANOVA (MIUi)
aud NeuvnmmKeus tst for ewh ae gzump, m to if.cod sto
(*) i a stnffi= diffetzte v& P<. 05.
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SEQUENCES UNCERTAINTY (U(S))

AGE ' 5-6 Y.O. ! 9-10 Y.O. 114-15 Y.O.ADLT
-I----------------------------------------------
F(2.42)=5.9! F(2,54)=12.! F(2,53)=15.i F(2.59)=13.i
P(.0005 I (oo pOOO I P<.OO0O I P(.000

1 2 1 1 29

!1= N !1 11 I I E1l
!2= R 12 1 2 1 12 1 2

CORRECT SEQUENCES UNCERTAINTY (U (CS))

I AGE ' 5-6 Y.O. 1 9-10 Y.O. ! 14-15 Y.0. A'Lr

I IF(2,42)=5.1! F(2,54)z9.8! F(2,53)=37.! F(2,59)=22.1
I P<0.01 I P<.0002 ! P<.0OOO P,(.0000

1 23 1 123 1 1 23 12 3

12= R 2 ' 2 2 12
!3= D 13 3 ]k3 '13

INCORRECT SEQUENCES UNCERTAINTY (U(XS))

AGE 5-6 Y.0. ! 9-10 Y.O. ! 14-15 Y.0.' AUT
- - - - - - - - - - - - - - - - - - - - -

F(2,'42)=4.1! F('4,54)=28.! F(2,53)=13.i F(2,59)=11.i
p<.02 I P(.0000 P(.0000 I P(.0001 i

1 2 13 1 123 1 123 12 3
!1= N 11 * 1 1 1 I !3
!2= R ! 2 !2 2 12
!3=0 D 13 2 !13 a 3 13 a

MEAN REALIZATION TIME (MTR)

AGE 5-6 Y.O. ! 9-10 Y0O. ! 14-15 Y.O. AUT

IF(2.,2)=4.6! F(2',54)=18.! F(2,53)=20.i F(2,59)=18.i
P<.O1 p p<0.0000 pto.OOOO pQO.OO

1 23 1 23 I 13 12 3

!2= R 2 12 2 12
3=0 D 13 133

MEAN LATENCY TIME (MTL)

AGE 1 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. ' ADULTS
--------------------------------------- -------------
IF(2.s42)=4.9! F(2,54)= I F(2,53)= IF(2,59)=3.2!

II P(.01 I NS I NS 1 P(.0000

S 12 3 12 3 1 123 1 123

!2= R !2 ! 2 !2 12
!3= 0 1 - -- ! 3 -- : -- - - 3 -- - - -- - 13 -- - - -- - 13- - - - - -

TAB LE 1. 48 -U(S), U(C S), UCi 3), MR, M7t: - ANOVA (uf
&W~ Newanx-Kea tat foreacha g2r0, int s-cd sti om

(kd~kaft a stifimwa dfftmnwe vith P<0.
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% CORRECT SEQUENCES (%CS)

!ANOVA (AGE X PRE-TRAINING)
---------------------------------------------------------------------

FACTOR AGE : F(3.144)= 15.4 p.O000
FACTOR PRE-T. F(4 344)= FS
AGE X PRE-T F(1 ,344)= : NS

% DOMINANT SEQUENCE (%DS)

!ANOVA (AGE X PRE-TRAINING)
----------------------------------------------------------------------------------------------------

I FACTOR AGE F(3,344)= 3.76 p<.01
FACTOR PRE-T. F(4,344)= 6.43 p<.0000
AGE X PRE-T F(12,344)z 1.94 p<.03

NB CORRECT DIFFERENT SEQUENCES (NCS)

!ANOVA (AGE X PRE-TRAINING)
i ---------------------------------------------------------------------

FACTOR AGE F(3,344)=7.57 p-.O000
FACTOR PRE-T. F(4,344)=8.1 p .0000

I AGE X PRE-T F(12,344)= 1.82 p<.04

NB.INCORRECT DIFFERENT SEQUENCES (NZS)

!ANOVA (AGE X PRE-TRAINING)

' FACTOR AGE F(3.344)= 18.98 : .000
FACTOR PRE-T. :F( 4.344)= S
AGE X PRE-T F(12,34-4)= NS

NB SEQUENCES DIFFERENT 2 FREVIOUS (NSD2)

!ANOVA (AGE X PRE-TRAINING)
--------------------------------------------------------------------i

FACTOR AGE F(3,344)=12.91 p'.0000
FACTOR PRE-T. F(4 34,4=10.68 p'.0'000
AGE X PRE-T F(1;,244)=2.37 p(.006

TABLE 1 49: 9CS, D S, HCS, MIS, NSD2: - ANOVA (ae x

pre-tammg) m te txd se~r
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SEQUENCES UNCERTAINTY (U(S)

!ANOVA (AGE X PRE-TRAINING)
--------------------------------------------------------------------q

FACTOR AGE F(3,344)= NS
FACTOR PRE-T. F(4 344)=6.26 pe.0o0
AGE X PRE-T F(1l,344)=1.93 (p.03

CORRECT SEQUENCES UNCERTAINTY (U(CS))

!ANOVA (AGE X PRE-TRAINING)

! FACTOR AGE F(3,344)=8.37 p(.O000
I FACTOR PRE-T. F(4 344)=7.50 p.O0000
! AGE X PRE-T F(12,344)=2.12 p<.01

INCORRECT SEQUENCES UNCERTAINTY (UIS))

!ANOVA (AGE X PRE-TRAINING)
---------------------------------------------------------------------I

I FACTOR AGE : F(3,344)=22.31: p .Oooo
! FACTOR PRE-T. F(4.344)= NS

I ! AGE X PRE-T F(12.344)= NS

MEAN REALIZATION TIME (MTR)

!&NOVA (AGE X PRE-TRAINING)

! FACTOR AGE F(3,344)=29.64 P<.O000
! FACTOR PRE-T. F(4 344)=2.71 p(.02
! AGE X PRE-T F(12,344)=2.05 p<.02

MEAN LATENCY TIME (MTL)

!ANOVA (AGE X PRE-TRAINING)

FACTOR AGE F(3.344)=.4.23 p'.0000
FACTOR PRE-T. F(4,344)= NS
AGE X PRE-T F(12.344)= NS

TABLE 150 U(S), U(CS), U(IS), MTR,MT - ANOVA (e z
pm-tummm) m te tmi Ie~
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% CORRECT SEGUENCES (%CS)

AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. ADULTS '
- - - - - - - - - - - - - -- - - - - - - - --.- - -

! F(4,93) =3. 1!
NS NS p<.02 ! NS

9 I 9

1 2 3 4 5 !1 2 3 4 5 !1 2 3 4 5 ! 2 3 4 5
!1= NNN ! 1 !1 !1 !1
!2= NRN !2 '2
!3= NDN !3 3 '3 3
!4= DRN ! 4 ' 4 9 4 ! 4
!5= RDN !5 !5 ! 5" !5

% DOMINANT SEQUENCE (%DS)

AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y..'- ADULTS
- -- - ! 9--------------

F(4,86)=4.9! F(4,93)=4.6!
SNS p<.001 ! p.002 N uS

12345 ! 1 3 5 ! 1 45 ! 12 4i'1 2 3 4 5 !1 2 3 4 5 1 2 3 4 5 '1 23 4 5'
!1= NNN ! I 1 ' ! 1 ! 1
!2= NRN !2 ! 2 ' ! 2' " ' " ! 2
!3= NDN ! 3 '3 !3 -
!4= DRN !4 !4 !4 4
!5= RDN '5 5 !5 5

NB. CORRECT DIFFERENT SEQUENCES (NCS)

AGE ' 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.0. ADULTS
------------------------------------ ---

9 I F(4,86)=4.0! F(4,93)=5.8! F(4.95)=2..5
NS p(.005 ! p<.00 0 3  !

9 ! 9

1 2 3 4 5! 1 2 3 4 ! 1 2 3 5 1 2 3 4 5
!1= NNN ! i 1 !1
!2= NRN !2 ! 2
!3= NDN !2 ! 3 3 3 ! 3
!4= DRN !4 ! 4x ! 4 94
!5= RDN !5 !5 5 5

NB.INCORRECT DIFFERENT SEQUENCES (NIS)

AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. . ADULTS .
- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - --- -' ' ' F(4,93)=3.3!

9 !. NS ! NS ! p<.01 ! NS
12345 ! 23 3 ! 1 3 5 ! 12 4

''1 2 3 4 5 !1 2 3 4 5 !1 2 3 4 5 !1 2 3 4 S

!1= NNN ! 1 1 ! 1 ! I
!2= NRN ' 2 '2 !2
!3= NDN ! 3 3 3 3
!4= DRN !4 !4 !4 4
!5= RDN !5 !5 !5 •5

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

!- AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y 0
-- - - 9--------------------------------------------------------------.. ---------- - --

f F(4,86)=5.5! F(4,93)=6.9! F(4,9E;=3.1i
NS ! p.000s p(.0001 p<.02

1234$! 12 4 ! 12 45 12 4 !!'1 2 3 4 5 !1 2 3 4 S 1 2 3 4 5 i1 2 3 4 5

!2= NRN 12 1 2 2* 1 " ' 2
!3= NDN !3 3" 1 3 1 3
!4= DRN ! 4 I 4' " !4 i to
!5= RDN 5 I5 15 I5

TABLE 1.51 : 6CS, *DS, NCS, HIS, NSD2: - ANOVA
(pie-ftmmg) a Hevumn-Ket it fur ewh qe pmx, m 6 tid

(*) ue,:sks a s nt d.d vi 1P.S. -'
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SEQUENCES UNCERTAINTY (U(S))

AGE , 5-6 Y.O. I 9-10 Y.O. ! 14-15 Y.O. ADULTS

f F(4,86)=4.2! F(4.93)=5.4!
, , NS , p(.004 , p<.0005 i NS

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 45
!1= NNN ! 1 ! 1 ! 1 ! 1
!2= NRN 1 2 ! 2 I 2' " • • 1 2
!3= NDN 3 1 3 I 3 13
!4= DRN I 4 4" I 4 1 4
!5= RDN I5 I5 15 I5

CORRECT SEQUENCES UNCERTAINTY (U(CS))

AGE 1 5-6 Y.O. I 9-10 Y.O. ! 14-15 Y.O. , ADULTS
SI---------------------------------------I----------------

9 I t F(4,86)=4.7! F(4,93)=5.7! 9

I NS p<.002 I p<.0004 I NS

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
!1= NNN ! 1 , 1 ! 1 ! 1
!2= NRN !2 !2 12' ''' 2
!3= NDN .3 13 13 I?.
!4= DRN 14 14w s 4 ,4
!5= RDN 5 5 15 ,5

INCORRECT SEQUENCES UNCERTAINTY (U(IS))

AGE 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O , ADULTS .
--- - - -- - - -- - - -- - ----------------

! F(4.93)=2.5!
, NS I NS I p<.04 NS

1 2 3 4 S 1 2 3 4 5 I 1 2 34$ 5I 1 2 3 4 5l1= NNN 1 1 1 1 1 '11 9

!2= NRN .2 2 2 2.
!3= NDN 13 13 3 13 9

!4= DRN 14 14 4 1 4
!5= RDN IS 55 15 " 15

MEAN REALIZATION TIME (MTR)

* AGE: ' 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. ' ADULTS _
------------------------------------------------------------------------- I------------ -
S* 9 ,t F(4,95)=3.5!

I NS I NS I NS P(.01

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
11=NNN 1 1 1 ! 1
!2= NRN 2 12 12 2
!3= NDN 13 13 13 13
14= DRN ! 4 1 4 £ 4 ! 4' v '
!5= RDN '5 I5 I5 's

MEAN LATENCY TIME (MTL)

AGE I 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. ADULTS

NS 9 NS 9 NS NS
9 9 i Ii

1 2 3 4 5! 1 2 3 4 5! 1 2 3 4 5! 1 2 3 4 5'
!1= NNN ! 1 I 1 1 1 ! 1
!2= NRN 12 12 12 2
!3= NDN 13 13 13 13 9
!4= DRN 14 ,4 14 14
!5= RDN 15 15 15 I5

TABLE 1.52 U(S), U(CS), U(IS), MT, WfL: - ANOVA
(pz-tmnm) azd Nevman-Keif vmi for e ahe gm, m tt

3Sd a
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CORRECT SEOUENCES (MCS)

SESSIONS ! N I N N
- - -F.(3,69)=5.48 F.(3,69)2.27 I F.(3,69)=.93 !

p<0.0019 I NS NS

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. 1 1 ! 1
!2= 9-10 Y.O. I 2 ! 2 1 2
!3= 14-15 Y.O.! 3 1 3 ! 3
!4= ADULTS ! 4 *! 4 14
I----------------- ---- --------------------------------------------------
I SESSIONS I N ! R I N

------------ ----------------------------------------------------
F.(3,68)=6.97 ! F.(3.68)=3.90 ! F.(3,68)=5.92

p<0.0004 I p<0.0123 I pO.0012

1 2 3 4 i 2 3 4 1 2 3 4
!In 5-6 Y.O. 1 1 1 1 1
!2= 9-10 Y.O. ! 2 1 2 2
!3z 14-15 Y.O.! 3 1 3 ! 3
!4= ADULTS ! 4 14 " 14

----- I------------- ---- --------------------------------------------------
I SESSIONS ! N ! D I N

---------------- --------------------------------------------------------
t F.(3.70)=4.53 I F.(3,70)=11.5 I F.(3,70)=4.91

p<O.005 8  p(.0000 I p(.0037

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. I 1 1 1 I 1
!2= 9-10 Y.O. 1 2 " 2 1 2
!3= 14-15 Y.O.! 3 13 "3
!4= ADULTS I 4 " 4 *4 a

SESSIONS I D I R N
----------------------------------------------------------------------------------------------

I F.(3,67)=5.08 I F.(3,67)=7.44 F.(3,67)=1.48
p<0.0031 p<0.0002 NS

1 2 3 4 1 2 3 4 1 2 3
!1= 5-6 Y.O. 1 1 1 11
!2= 9-10 Y.O. 1 2 "2 12
!3= 14-15 Y.O.! 3 3 3 '3
!4= ADULTS ! 4 4 "4

SESSIONS I R I D 9 N
--- 9------------------------------------------------------------------------------------------

I F.(3,70)=7.96 ' F.(3,70)=E..42 ' F.(3,70)=9.6
, t p(0.0001 I p(0.0007 I <.0O !* I 9 ,

12 3 4 1 2 3 4 1 1224
!1= 5-6 Y.O. 1 " !I !1
!2= 9-10 Y.O. I 2 !2 2
13= 14-15 Y.O.! 3 !3
!4= ADULTS 14 !4 " 1' 2 9

I SESSIONS I GN ! R D
---------------- --------------------------------------------------------

1 F.(3.215)=15.62 ! F.(3.70)=7.96 I F.(3,70)=5.09
p.O0000 p<.0001 p<.003

1 2 3 4 1 2 3 4 1 2 3 4
11= 5-6 Y.O. 1 1 " !1
!2= 9-10 Y.O. I 2 ! 12 !2
!3= 14-15 Y.O.! 3 ! 13 !3
!4= ADULTS ! 4 !4 4 

TABLE 1.53: CS :ANOVA (age) ad Nevmwn-Keub wt for mh
expeu'enmI gmap, m ewh si n, aid for ewc type, m t
fi seem



% DOMINANT SEQUENCE (%DS)

SESSIONS 7 N I N N

9 ' F.(3,69)=.35 ! F.(3,69)=.76 7 F.(3,69)=.81
NS I NS 7 NS7 7 I 7

1 1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. ! 1 7 1 ! 1
!2= 9-10 Y.O. ! 2 7 2 ! 2 9
?3= 14-15 Y.O.7 3 " 7 3 1 3 •
!4= ADULTS ! 4 3 '4 "4 • 9

------------ --------------------------------------------------------
SESSIONS ' N R I N

F.(3,68)=.24 7 F.(3.68)=1.81 ! --F.(3,68)=1.87
NS ! NS I NS

1234 1234 1 2 3 4
!1= 5-6 Y.O. ! 1 ! 1 7 1
!2= 9-10 Y.O. 7 2 7 2 7 2
!3= 14-15 Y.O.! 3 3 7 3 7 3 " "
!4= ADULTS 74 " "4 74 a"
-------------------------- -------------------------------------------------------- 9

SESSIONS 7 N 7 D 7 N 9
-------------------- --------------------------------------------------------7
, F.(3,70)=1.84 . F.(3,70)=22 7 F.(3.70)=3.74
9 9 NS p<.ocoo p.014 9

1 2 3 4 1 2 3 4 1 2 3 4
71= 5-6 Y.O. 7 1 7 7 1
!2= 9-10 Y.O. 7 2 2 " 7 2
!3= 14-15 Y.O.! 3 " 7 3 ' ' 7 3 "
!4= ADULTS ! 4 74 ' 74

- --------------------------------------------------------------------------------------------
SESSIONS 7 D 7 R 7 N

--------- --------------------------------------------------------
7 F.(3,67)=7.42 7 F.(3,67)=6.16 7 F.(3,67)=3.26 7
7' p<0.0062 7 pO.009 p<.026 7

1 2 3 4 7 1 2 2 4 1 3
!1= 5-6 Y.O. 7 1 1 1 7 1
!2= 9-10 Y.O. 2 " 2 " 2
!3= 14-15 Y.O.! 3 " 3 7 3 " 9
!4= ADULTS 74 74 " !4 '

9----------------------------------------------------------------------------------------------------------

SESSIONS 7R D D 7 N
---- ---- --------------------------------------------

7 ' F.(3,70)=8 7 F.(3,70)=4.39 7 F.(3.70)=1.52 7
Sp(O.0001 p<0. 0069 7 NS

1 2 3 4 12 3 4 1 42
!1= 5-6 Y.O. 7 1 71 71
!2= 9-10 Y.O. 7 2 !2 !2
!3= 14-15 Y.O.! 3 ! 73 !3 '
!4= ADULTS ! 4 !4 Q 7'

I SESSIONS 7 GN 7 R 7 D
----------------------------------------------------------------------------------------------------
! I F.(3,215)z1.67 . F.(3,70)=8.003 I F.(3,70)=7.42

NS 7 p(.0001 p.0002 7I ' 7
1 2 3 4 7 1 2 3 4 7 123

!1= 5-6 Y.O. 7 1 71 "1
72= 9-10 Y.O. 7 2 72 72
73= 14-15 Y.O.! 3 !3 !3
74= ADULTS 74 !4 74 '

TABLE 1 54 .9MS : ANOVA (ae) aml Nevman-Keuis tst for wh
erpennnl guop, m ewh 1qi n , and for each wm type, m te
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NB. CORRECT DIFFERENT SEQUENCES (MCS)
-------------------------- -------------- -----------------------------

SESSIONS I N I N I N
----------------------------------------------------------------------

F.(3,69)=.40 ! F.(3,69)=1.56 I F.(3,69)=1.01
* 1 NS NS NSI I I !

1 2 3 4 1 1 2 3 4 1 2 3 4
I= 5-6 Y.O. I I 1 1 ! 1
12= 9-10 Y.O. ! 2 1 2 ! 2
!3= 14-15 Y.O.! 3 ! 3 1 3
!4= ADULTS 1 4 1 4 ! 4
I-------------- ---------------------------------------- ----------------

I SESSIONS I N I R I N
------------- ----------------------------------------- ----------------

F.(3,68)-.12 I F.(3,68)=.97 I F.(3,68)=2.31
NS I NS I NS

1 2 3 4 1 2 3 4 i 1 2 3 4
!1-5-6 Y.O. 1 1 I 1 1
!2= 9-10 Y.O. 1 2 1 2 1 2
!3= 14-15 Y.O.! 3 ! 3 1 3 *
!4= ADULTS 1 4 4 1 4
-------------------- --------------------------------------------------------
I SESSIONS I N I D I N
i------------- I --------------------------------------------------------

I F.(3.70)=5.36 I F.(3,70)=25.99 I F.(3.70)=5.58
p(.0022 I p .O000 I p<.0017

1 2 3 4 1 1 2 3 4 1 2 34
!1= 5-6 Y.O. 1 1 1 1 ! 1
!2= 9-10 Y.O. 1 2 1 2 1 2
!3= 14-15 Y.O.! 3 1 3 1 3 a
!4= ADULTS 1 4 1 4 1 4 "
-------------------- --------------------------------------------------------

SESSIONS I D ! R ! N
I-------------------I--------------------------------------------------------------

I F.(3,67)=9.28 I F.(3,67)=6.38 I F.(3,67)=2.52
I ' pO.0000 I p<0.0007 I p<.065

1 2 3 4 1 1 2 3 4 1 1 2 3 4
!1= 5-6 Y.O. 1 1 ! 1 a ! 1
!2= 9-10 Y.O. 1 2 ! 1 2 1 2I
!3= 14-15 Y.O.! 3 1 3 1 3
!4= ADULTS 1 4 1 4 v 1 4

------------- --------------------------------------------------------
I SESSIONS I R I D I N
-------------------- --------------------------------------------------------

I F.(3,70)=5.82 I F.(3,70)=4.77 I F.(3,70)=2.02'
I p<0.0013 I p(0.0044 ' NS '

f 1 2 3 4 1234 1 2 3 4
i1= 5-6 Y.O. 1 1 * 1 1
;2= 9-10 Y.O. 1 2 i2 i2
i3= 14-15 Y.O.! 3 i3 i3
!4= ADULTS 1 4 i4 " 14

I---------I--------------------------------------------------------------------! SESSIONS I G I R D

I F.(3,215)=3.23 I F.(3,70)=5.82 I F.(3.70)=9.29
I 0 p<.02 p O01 I p<.0000II p.2 I

I 1 2 3 4 I 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. ! 1 !1 3 11
!2= 9-10 Y.O. 1 2 12 !2
!3= 14-15 Y.O.! 3 !3 !3
!4= ADULTS 1 4 !4 !4

TABLE 1 : HCS ANOVA (qe) and Nevuan-Keub w faxrewk
erzemnal pM, m wh SS3U, Md for eh a ywpe, m f
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NB. INCORRECT DIFFERENT SEQUENCES (NIS)

I SESSIONS ! N N N
---------- ---------------------------------------------------------

I F.(3o69)=5.36 I F.(3,69)=3.19 ! F.(3,69)=1.57
p'.0022 ! p(.028 I NS

1 2 3 4 I 1 2 3 4 1 2 34
!1= 5-6 Y.O. 1 I I 1 1
!2= 9-10 Y.O. 1 2 1 2 i 2
!3= 14-15 Y.O.! 3 2 3 1 3-.
!4= ADULTS ! 4 a 4 " 4

------------ --------------------------------------------------------
SESSIONS N R I N I

------------ --------------------------------------------------------
I I F.(3,68)-6.66 I F.(3.68)=3.07 ! -F.(3,68)=6.22

S p(.0005 I p(.033 I p<.0008

1 2 3 4 1 1 2 3 4 1 2 3 4
!I- 5-6 Y.O. ! 1 ! 1 ! 1
12= 9-10 Y.O. ! 2 a 2 i 2
!3= 14-15 Y.O.! 3 " ' 3 I 3
!4= ADULTS 14 a !4 14
- --------------- ----------------------------------------------------
I SESSIONS ! N ! D N

------------- --------------------------------------------------------
* F.(3,70)=1.52 ! F.(3.70)=5.68 ! F.(3.70)=4.45
I NS p(.0015 p(.0063

*1 2 3 4 1 234 1 2 3 4
!1= 5-6 Y.O. ! 1 I 1 I 1
!2= 9-10 Y.O. ! 2 1 2 " 2
!3= 14-15 Y.O.! 3 a 3 a " 3
!4= ADULTS t 4 14 4 " a
------------------------------------------------------------------------------------------

SESSIONS I D R R N
- I----------------------------------------------------------------------- ------------------

* ' F.(3,67)=2.97 I F.(3,67)=7.19 I F.(3.67)=3.17
p(0.037 I p(0.0003 p(.0296

1 2 3 4 1 2 34 1 2 3 4
!1= 5-6 Y.O. 1 1 I 1 ' 1
!2= 9-10 Y.O. I 2 " 12 12
!3= 14-15 Y.O.! 3 3 3 a
!4= ATULTS 94 " I4 o 4
--------------------- ---------------------------- ---------------------------

SESSIONS R I D I N

F.(3,70)=7.49 I F.(3,70)=3.58 ' F.(3.70)=6.17
p<0.0002 o p(0.017 p(.0009

9 I I I

1 2 3 4 1 2 3 4 1 2 3
!1= 5-6 Y.O. ' 1 I1 !1
!2= 9-10 Y.O. I 2 ! 12 2
!3= 14-15 Y.O.! 3 ! 13 !"
!4= AULTS ! 4 !4 a"a

SEWIONS G GN ! R ! D
-------------------- --------------------------------------------------------

I F.(3.215)=11.69 I F.(3.70)=7.49 ! F.(3,70)=2.97
I p(.0000 I p(0.0002 1 p(.03 7

I I I
1 2 3 4 1 2 3 4 1 2 3 4

!1= 5-6 Y.O. ! 1 !l a1
!2= 9-10 Y.O. ! 2 ! 12 !2
!3= 14-15 Y.O.! 3 !3 a !3
!4= ADULTS ! 4 ! 14 a !4

TABLE I 56. HIS ANOVA(W) an Nevmn-Kub m ism owh
ezpl xnla p m wh pmn, am h m z tM, i f
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NB. SEQ. DIFF. 2 PREV. (NSD2)

SESSIONS I N ! N N
------------- --------------------------------------------------------

F.(3.69)=.81 ' F.(3.69)-3.19 , F.(3,69)=2.95
NS p(. 0 2 8 , p.03'

91 2 3 4 1 2 3 4 4
!1= 5-6 Y.O. I 1 I 1 I 1
!2= 9-10 Y.O. 1 2 " 2 * 12
!3= 14-15 Y.O.! 3 3 I 3 3.
!4= ADULTS ! 4 " ,4 14-

-'------------- ---------------------------------------- ---------------
SESSIONS , N ! R ! N
---------------------------------------------------------------------

I F.(3,68)=.35 ' F.(3.68)=.55 I -F.(3,68)=2.43
NS NS ! NS 9

*1 2 3 4 1 2 3 4 1 2 3 4
!1- 5-6 Y.O. ! I ! I ! 1
!2= 9-10 Y.O. !2 2 2 2
!3= 14-15 Y.O.! 3 a 3 3
!4= ADULTS ! 4 4 ! 4

SESSIONS ! N ' D 9 N
------------ ---------------------------------------------------------

I F.(3,70)=5.39 I F.(3.70)=44.16 I F.(3,70)=7.60
p<.0021 I p(.O000 I p.0002

' 1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. 1 1 1 1 1
!2= 9-10 Y.O. 1 2 I 2
!3= 14-15 Y.O.! 3 i 3 .3 a a i
!4= ADULTS 4! 14 B 4
9----------------------------------------------------------------------------------------------------------

SESSIONS ' D R ' N
-----------------------------------------------------------------------------------------------------

I F.(3,67)=18.37 I F.(3,67)=3.66 I F.(3.67)=3.07
I p'O.O000 I p(O016 ' p,.02 I

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. I 1 ' 1
!2= 9-10 Y.O. 2 2 a' 2 1 2 9
!3= 14-15 Y.O.! 3 " 1 3 B *3 a 9

!4= ADULTS I4 '4 4
9--------------------------------------------------------------------------------------------------------

SESSIONS ' R ' D 9 N
------------------ --- -- - - - - - - - - - - - - - - - - - - - - - - - - -

S' F.(3.70)=5.04 I F.(3.70)=11.03 ! F.(3,7C0)= .57
p(O.0032 p(.0000 ' p .OC'ES 9

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. 1 !1 !I
!2= 9-10 Y.O. '2 '22 B 2
!3= 14-15 Y.O.! 3 B !3 !2 B

!4= ADULTS ! !4 B !9 4 9

SESSIONS mGN R I D
-- - - - - - - - - - - - -- - - - - - - - - - - ------------------

F.(3,215)-4.04 I F.(3,70)=5.04 ! F.(3,7C)=18.37
p(.008 I p(0.0032 ! p(.0000

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. ! 1 !1 !1
!2= 9-10 Y.O. I 2 !2 12
!3= 14-15 Y.O.! 3 a !3 !3
!4= ADULTS ! 4 :4 ! "24

TAB LE 1 NSD2 : ANOVA (o qa) Nea m1-Keub *0 for
eahb expemtz1 Ipo~ meh mseu, -a f h munx type m
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SEQUENCES UNCERTAINTY (U(S))

SESSIONS I N I N IN 1

I F.(3,69)a-.28 I F.(3,69)-.37 I F.(3,69)=.38
NS ! NS I NS

1234 1234 1 2 3 4
!1= 5-6 Y.O. 1 1 ! 1 1 1
12. 9-10 Y.O. ! 2 I 2 ! 2
f3- 14-15 Y.O.! 3 1 3 1 3
14= ADULTS 1 4 1 4 1 41
! ----------- ! --------------------------------------------------------
1 SESSIONS I N I R I - N
I------------------- --------------------------------------------------------

I F.(3,68)-.63 1 F.(3,68)=1.99 I -F.(3,68)-2.35
NS N NS I NS! | I !

1 2 3 4 12 34 1 2 3 4
flu 5-6 Y.O. I 1 1 1
12f 9-10 Y.O. ! 2 ! 2 1 2
!3= 14-15 Y.O.! 3 1 3 1 3
!4= ADULTS 1 4 1 4 !4

------------- --------------------------------------------------------
I SESSIONS N D I N

------------- --------------------------------------------------------
I F.(3,70)=1.71 I F.(3,70)=15.78 1 F.(3,70)=3.03

NS ! p<.000 p<.034

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. 1 1 1 1
!2= 9-10 Y.O. I 2 2 1 2
!3= 14-15 Y.O.! 3 i 3 ' 1 3
!4= ADULTS 14 1 4 4

SESSIONS I D R I N
--------------- -------------------------------------------------------- 1

F.(3,67)=4.69 I F.(3,67)=9.99 ! F.(3,67)=2.33
p<O.0048 p(O.0000 I NS

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. I ! I ! I
!2= 9-10 Y.O. 1 2 " I 2 1 2
!3= 14-15 Y.O.! 3 " 3 ' 3
!4= ADULTS I 4 a 4 14
I-------------------- -------------------------------------------------------- I
I SESSIONS R R 1 D N
I--------------------- ---------------------------------------------------------------------------------

I F.(3,70)=8.62 I F.(3,70)=2.33 I F.(3,70)=.70
p<0.0001 I NS Ns

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. ' 1 !1 !1
!2= 9-10 Y.O. ! 2 !2 !2
!3= 14-15 Y.O.! 3 ! 13 13
!4= ADULTS ! 4 i !4 14

SSESSIONS I GN ! R ! D
-------------- --------------------------------------------------------

I F.(3,215)= I F.(3,70)=8.62 I F.(3,70)=4.69
! I NS I p(O.0001 I p<.0049

I 1 2 3 4 1 2 3 4 I 1 2 3 4
!1= 5-6 Y.O. ! 1 !1 !1
!2= 9-10 Y.O. ! 2 !2 !2
!3= 14-15 Y.O.! 3 !3 !3
14= ADULTS ! 4 !4 !4

TABLE .58: U(S) ANOVA (ge) at Newi-Ktub t for owh
ezrmxtnal gmu, n e.ch se m, sn dm e.h mlm type, ma
fro6
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CORRECT SEQUENCES UNCERTAINTY (U(CS))

SESSIONS ' N I N ' N
-------- '----------- --------------------------------------------------------

F.(3,69)=.41 I F.(3,69)=1.45 I F.(3,69)=1.21 '
NS ! NS ! NS

1 2 3 4 1 2 3 4 1 2 3 4
11= 5-6 Y.O. ! 1 ! 1 f 1
12= 9-10 Y.O. ! 2 !2 2..!
13w 14-15 Y.O.! 3 ! 3 1 3:Z
14-ADULTS ! 4 ! 4 ! 4-

- t--- I ----------------------------------------- ----------------
!_SESSIONS I N I R I N
I-!------'----------- --------------------------------------------------------

"- F.(3,68)=.08 I F.(3,68)=1.36 I F.(3.68)=1.88
I -. ! NS N NS ! NS

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. ! 1 ' 1 ! 1
12= 9-10 Y.O. ' 2 ' 2 '2
!3= 14-15 Y.O.! 3 ' 3 '23
!4= ADULTS '24 '24 '24 !
-------- '------------ --------------------------------------------------------'
' SESSIONS ' N D D N
-------- '------------ --------------------------------------------------------
'2 '2 F.(3,70)=4.57 ! F.(3.70)=29.63 ! F.(3,70)=5.77 '

'2 p<.0055 ' p(.0000 ! p(.034 '

S' 1 2 3 4 1 2 3 4 21 2 3 4 '
!1= 5-6 Y.O. ' 1 1 1 '21
!2= 9-10 Y.O. ' 2 ' 2 '2 2
13= 14-15 Y.O.'! 3 ' 3 2 8 '23
!4= ADULTS 4 '24 a '24

! 4
'-------------------- --------------------------------------------------------
' SESSIONS ' D ' R 9 N
-------- '------------ --------------------------------------------------------'

'2 F.(3,67)=11.12 ' F.(3,67)=8.05 ' F.(3,67)=3.54 '
'2 '2 pO.O0000 p(O.O001 ' p<.019 '

'21 2 3 4 1 2 3 4 21 2 34
!1= 5-6 Y.O. 1 £ 1 !1
!2= 9-10 Y.O. '2 ' 2 '22 "
!3= 14-15 Y.O.! 3 a ' 3 " '23
!4= ADULTS '24 3 '4 '24

-'------------- ------------------ -------------------------------------
' SESSIONS ' R ' D ' N

F.(3,70)=6.47 ! F.(3,70)=6.5 ' F.(3,70)=3.26 '
'2 '2 p(0.0006 ' p<.0006 ' p(.023

S' 1 2 3 4 1 2 3 4 '1 2 3 4 '
!1= 5-6 Y.O. ' 1 ' 1 ! 1
!2= 9-10 Y.O. ' 2 ' 2 '22 a
!3= 14-15 Y.O.2 3 '2 3 a ' 3
!4= ADULTS '24 4 " 2

' SESSIONS ' GN I R I D
'-------'------------- --------------------------------------------------------'

1 f F.(3,215)=2.88 I F.(3,70)=6.42 I F.(3,70)=11.12 1
2 I p(.03 7  ! p0.0006 f p<.0000

1 2 3 4 ' 1 2 3 4 21 2 3 4
11= 5-6 Y.O. ' 1 !'1 21
!2= 9-10 Y.O. * 2 !2 '2 a
!3= 14-15 Y.O.! 3 a '3 '23 "
!4= ADULTS 34 '4 a 14 a '

TABLE 1-59: U(CS) : ANOVA (age) an Nevmon-Keus inst for
ewh erKmmxW gmvp, m ewh emm, and for ewh muz type, m
6he fst fl-
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INCORRECT SEGUENCES UNCERTAINTY (U(IS))

SESSIONS I N I N I N
------------ --------------------------------------------------------
I F.(3,69)=3.39 I F.(3,69)z3.8 I F.(3,69)=2.73
! p<.022 I p(.013 I p(.05

1 2 3 4 1 1 2 3 4 12 3 4
!1- 5-6 Y.O. I 1 1 1 ! 1
!2= 9-10 Y.O. 1 2 ! 2 I 2
13= 14-15 Y.O.! 3 t 3_.
!w ADULTS 1 4 1 4 1 !4-. •
------------- ! - ---------------------------------------- ---------------
I SESSIONS I N I R I N I

--------- I ---------------------------------------------------------
! F.(3.68)-3.26 I F.(3,68)-2.42 I --F.(3.68)=6.36
! p(.026 I NS ! p(.0007! I I I!

1234 1234 1 1234
Ila 5-6 Y.O. 1 1 1 ! 1
12= 9-10 Y.O. 1 2 1 2 1 2
13= 14-15 Y.O.! 3 I 3 1 3
14= ADULTS 4 1 14 1 4

------------ --------------------------------------------------------
I SESSIONS I N I D I N

------------- --------------------------------------------------------
I F.(3,70)=.74 I F.(3,70)=4.65 I F.(3,70)=3.47

I I NS I p<.0051 I p(.020

1 2 3 4 1 2 3 4 1 1 2 3 4
!1= 5-6 Y.O. ! 1 1 1 1
!2= 9-10 Y.O. 1 2 1 2 1 2
!3= 14-15 Y.O.I 3 I 3 1 3
!4= ADULTS 14 1 4 1 4

------------- --------------------------------------------------------
SESSIONS I D I R I N

-- - --- -------------------------------------------------------- I
F.(3,67)=3.99 I F.(3,67)=8.60 I F.(3,67)=8.12

S p(0.0112 I p<0.0001 I p(.0001

91 2 3 4 1 2 3 4 ! 1 2 3 4
!1= 5-6 Y.O. I 1 I 1 " 1
!2= 9-10 Y.O. I 2 1 2 ! 2
!3= 14-15 Y.O.! 3 ' * I3 I3 •
!4= ADULTS ! 4 4 4
-------------------- --------------------------------------------------------

SESSIONS I R I D I N
-------------------- --------------------------------------------------------

! F.(3,70)=7.37 I F.(3,70)=3.14 I F.(3,70)=4.98
I p(O.0002 I p(.0303 I p.0O034

1 2 3 4 1 1 2 3 4 1 1 2 3 4
!1= 5-6 Y.O. I 1 1 1 1
!2= 9-10 Y.O. 1 2 ! 2 ! 2
13= 14-15 Y.O.! 3 1 3 1 3
!4= ADULTS 1 4 1 4 1 4

I SESSIONS I GN I R I D
----------- I ---------------------------------------------------------

I F.(3,215)u5.73 I F.(3,70)=7.38 I F.(3,70)=3.99
S p(.0009 I pO.0002 I p(.01

1 2 3 4 1 1 2 3 4 ! 1 2 3 4
!1= 5-6 Y.O. ! 1 !1 11
12= 9-10 Y.O. 1 2 12 12
13= 14-15 Y.O.! 3 13 13 "
14= ADULTS ! 4 !4 "4 it

TABLE I6 : U(3) :ANOVA (ge) hnd Nevm-Keub VV for
eh erpemr t mI [mp, m ewh qpsn, a forh m t ypme, I
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MEAN REALIZATION TIME

'SESSIONS N N ! N ! N 9

I F.(3,69)=4.18 I F.(3,69)=10.78 I F.(3,69)=2.88
I p<.0088 pf.0000 p(.042

I ! ! I
1 2 3 4 1 2 3 4 1 2 34

!1= 5-6 Y.O. ! 1 ! 1 !1
!2= 9-10 Y.O. ! 2 ! 2 * I 2
!3= 14-15 Y.O.! 3 ! 1 3 3
!4= ADULTS 1 4 1 4 4

------------ --------------------------------------------------------
SESSIONS I N I R Nf

--------- ---------------------------------------------------------
I F.(3.68)=14.52 I F.(3,68)a2.04 1 IF.(3,68)=27.55 1
I p(.O000 I NS I p.O000 I

I 1 2 3 4 1 2 3 4 1 1 2 3 4
I I=-5-6 Y.O. ! 1 1 1-
12= 9-10 Y.O. ! 2 " I 2 ! 2
!3= 14-15 Y.O.! 3 1 1 3 ! 3
14= ADULTS ! 4 1 4 14 

- -------------------------------------------------------------------------------------------

SESSIONS ! N I D I N
------------ ---------------------------------------------------------

I F.(3,70)=14.09 I F.(3,70)=9.39 I F.(3,70)=13.86
p.O0000 p.O000 p.O0000tI I 9 9

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. !I 1! 1 ! 1
!2= 9-10 Y.O. ! 2 " 2 ! 2
!3= 14-15 Y.O.! 3 " ! 3 !3 a 9
!4= ADULTS 4 " 4 ! 4
9---------------------------------------------------------------------------------------------------------
! SESSIONS ! D R I N

------------- -------------------------------------------------------- I
F.(3,67)=12.36 ! F.(3.67)=1.96 I F.(3,67)=2.74

I p<O.O000 I NS 1 p(.0497

1 2 3 4 1 2 3 4 1 1 2 3 4
!1= 5-6 Y.O. 1 1 I 1 •1
!2= 9-10 Y.O. 1 2 1 2 "2
!3= 14-15 Y.O.! 3 " " 3 1 3 " 9
!4= ADULTS 14 14 "4 "

--------------- -------------------------------------------------------- 1
I SESSIONS I R I D ' N

-------------- --------------------------------------------------------
9 1 F.(3,70)=1.87 I F.(3,70)=11 261 F.(3,70)=13.80 I

, NS I p<.0000 I p(.0000

I 1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. I 1 ! 1 1
!2= 9-10 Y.O. I 2 " 1 2 " 2
!3= 14-15 Y.O.! 3 " I 3 3 3 * 9
!4= ADULTS 14 14 14

SESSIONS I GN R I D
-------------------- --------------------------------------------------------

I F.(3,215)=26.17 I F.(3.70)z I F.(3,70)=12.37
I p.0000 NZ p.0000

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. 1 I1 !1
!2= 9-10 Y.O. ! 2 !2 !2 a
13= 14-15 Y.O.! 3 ! a 13 !3 " '

!4= ADULTS !4 f4 " "

TABLE 1 61: MTR : ANOVA (qe) and Nevmsn-Keub Is for efth
erperznal gmu, m e h xwo, and for ew me-= type, m 2
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MEAN LATENCY TIME (MTL)

SESSIONS N N N
-------------------------- --------------------------------------------------------

I F.(3,691=8.34 ! F.(3,69)=8.44 I F.(3,69)=13..42
p<.0001 ! p(.0001 i pt.0000c

1234 1 123 4 123 4
!1= 5-6 Y.O. 1 1 1 1 ! 1
!2 9-10 Y.O. 1 2 " 2 " 2
13= 14-15 Y.O.! 3 ! 3 * ! 3--
14w ADULTS 1 4 1 4 * !4.-

------------- ---------------------------------------- ---------------
SESSIONS NIRIN- - - - - - - - - - - - - - -

F.(3.68)=14.86 - F.(3,68)=1l.5 I *-F.(3,68)-17.34 I
! p.O0000 NS p(.0000

1234 1234 1234 
11= 5-6 Y.O. ! 1 1 1 I 1
!2= 9-10 Y.O. !.2 " 2 ! 2
!3= 14-15 Y.O. 3 ! 3 1 3
!4= ADULTS ! 4 4 ! 4

------------- --------------------------------------------------------
SESSIONS !N ! D N

------------ --------------------------------------------------------
I F.(3,70)=4.55 I F.(3,70)=16.18 ! F.(3,70)=7.73 I

SI p<.0056 I p'.0Co ! p<.0002

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. I 1 2 1 I 1
!2= 9-10 Y.O. 2 2 " 2 " ! 2
!3= 14-15 Y.O.! 3 3 1 2 " 3
!4= ADULTS 14 4 "4

------------- --------------------------------------------------------
SESSIONS I D R I N

------------- --------------------------------------------------------
F.(3.67)=18.62 I F.(3,67)=13.14 I F.(3,67)=5.15

p<O.O000 p(O.000C p(.0029 1
! ! !

1 2 3 4 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. I 1 1 1 1 1
!2= 9-10 Y.O. I 2 " 1 2 " 2
!3= 14-15 Y.O.! 3 " " ! 3 " " 1 3
!4= ADULTS 14 '4 "4

SESSIONS I R D I N
------------- --------------------------------------------------------I

I F.(3,70)=1.32 ' F.(3,70)=3.52 I F.(3.70)=S.19
Ns (.•0193 ! p<.002 7

! ( 1 23 -, 1 2 3 /- 24

11= 5-6 Y.O. 1 " 1 I 1
!2= 9-10 Y.O. 1 2 I 2 1 2
13= 14-15 Y.O.! 3 " 1 3 " 3
!4= ADULTS ! 4 * •4 "4

I SESSIONS ! GN I R I D
----------------------------------------------------------------------
I F.(3,215)=23.76 I F.(3,70)= I F.(3,70)=18.62 I

p.O0000 NS I p(.0000

1 2 3 4 1 2 34 1 2 3 4
!1- 5-6 Y.O. ! 1 !l !1
!2= 9-10 Y.O. 1 2 !2 !2
!3= 14-15 Y.O.! 3 " 13 13
!4w ADULTS I 4 14 14 •

TABLE 1.62: MTL: ANOVA (ae) anl Nevmsn-Kae tbs fom wh
expnmen1 gmaup, m eah m nd for eh ype, m f
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N glo l N N N C N

87.4545 86.0000 93.4545 95.4545 82.7273 98.1818
U!.5. (11.6649) (9.2952) (5.1452) (2.3817) (15.7519) (1.8878)

53.3636 54.7273 58.7273 62.7273 47.6364 78.9091
%DS. (22.4532) (21.9860) (30.2029) (27.6300) (27.6813) (24.6311)

6.0455 4.4545 5.1818 5.3636 10.1818 3.4818
N.C.S. (3.5251) (2.6216) (3.4876) (4.8636) (3.9955) (3.1880)

3.0000 3.5455 2.5455 1.8182 6.0909 .7273
N.IS. (1.9272) (1.8635) (1.8091) (.9816) (4.5707) (.6467)

1.9932 1.8364 1.6273 1.5718 2.7891 .8273
U(S) (.8921) (.8721) (1.2020) (1.1623) (1.2340) (.9152)

1.5195 1.2509 1.3282 1.3336 2.1591 .7218
U(C.S.) (.8648) (.7840) (1.0545) (1.1937) (1.0969) (.9161)

1.2009 1.5309 1.0491 .7836 2.1100 .0827
U(I5.) (.8753) (.7625) (.9429) (.6710) (1.1796) (.2744)

138636 10.6364 10.7273 13.4545 18.1818 8.0000
NSDZ (9.3008) (5.3334) (9.5508) (13.1861) (11.3209) (11.4018)

76818 5.5455 6.4545 7.2727 13.0909 4.0909
N.S.Djo (5.3308) (3.3871) (4.9873) (8.2957) (7.0207) (5.3189)

.7273 .3636 1.3636 .9091 23.1818 14.0909
NS.C. (10.320) (6742) (3.2641) (1.4460) (15.1183) (21.3703)

TABLE 2.1 Fore wh eirex, anmdz mad tud inn
gkoa and m ewh ns=nxn of *a gw NNICH, for t aubs of
ft T7o-qt



N globa1 N N N C N

84.3571 84.5000 94.2667 9Z.0000 59.3333 96.2667
%C.S. (13.5786) (13.0887) (6.9227) (9.1652) (13.5365) (7.6295)

52.9677 47.0667 50.2667 47.8667 57.8667 61.2000
%D5 (22.0477) (23.6748) (23.6506) (23.7663) (28.8391) (26.9688)

6.0000 7.4000 7.1333 6.8000 10.2000 6.8667
N.C.S. (3.3466) (3.6016) (3.7391) (3.6884) (4.4433) (3.9976)

3.7742 3.6667 1.8667 2.4000 3.1333 1 .2000
N.IS. (2.7774) (2.6904) (2.5598) (2.6939) (3.7200) (2.1112)

2.1500 2.4193 2.1073 2.1860 2.2900 1.7640
U(S) (.9954) (1.0846) (.9883) (1.0398) (1.3272) (1.2125)

1.5823 1.9333 1.8793 1.8887 1.9520 1.6333
U(C.S) (.9181) (.9480) (.9123) (.9507) (1.1417) (1.0927)

1.3868 1.3320 .6807 .9280 1.1427 .4280
U(15) (.8816) (.8873) (.9329) (.9571) (1.1778) (.8438)

14.4839 174000 19.6000 19.0000 17.9333 16.6667
N.S.D2 (8.7020) (8.2184) (10.0768) (11.7047) (11.5910) (11.0432)

8.6774 10.5333 9.7333 10.8000 12.6000 9.6667
NSDIo (5.2178) (5.5532) (5.9578) (7.6737) (6.8848) (6.8834)

1 0000 1.4667 1.2000 1.1333 23-6667 4.4000
NS.C (1.3904) (1.5523) (1.5675) (1.5976) (17.7911) (8.8946)

TAB LE 2,2 For each index, mean and zadard dem n tm N
glbal and m each swsLn of the CMup HNNCN, Or f
adokxnz of the T popuktin.
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N D DIY C N

88.9091 94.1818 93.6364 94.9091 98.5455
Ct.5. (13.9532) (5.5465) (10.8745) (10.4063) (3.5879)

52.0000 23.6364 14.7273 63.6364 66.5455

D.S. (23.8998) (11.3073) (3.2586) (14.7046) (34.0481)

7.6364 11.2727 14.5455 10.4545 6.5455

N.C.S. (3.6952) (4.3380) (3.4165) (2.4643) (6.0723)

2.4545 2.1818 2.0909 1.6364 .3636

N.I.S. (1.9164) (1.9909) (2.9480) (2.9757) (.6742)

2.1500 3.1827 3.7336 2.0545 1.4882

U(S) (.9256) (.726d) (.3031) (.6965) (1.4374)

1.7882 2.9655 3.5545 1.8600 1.4236

U(C.S.) (.9331) (.8211) (.4267) (.5012) (1.4305)

.8709 .9364 .7909 .5900 .0900

U(l.S.) (.8876) (.9627) (1.0445) (.1081) (.2985)

17.0909 32.9091 39.4545 14.2727 14.7273

N-S.D2 (11.4145) (10.3871) (7.3806) (4.0765) (15.6083)

9.8182 16.8182 23.3636 11.7273 9.2727

N.5 DO (6.1777) (7.5474) (7.3386) (3.1966) (9.8802)

1.0909 2.5455 4-6364 32.9091 19.0000

NS.C. (1.2210) (3.3276) (3.0091) (11.4931) (23.0521)

TABLE 2.3: For eh adez, me= anl saundan devlon m
ewh smnn of te group NDD 1 oCN, for the aduls of te T

popukion-
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N D DID C N

84.0000 92.0000 94.1250 91.0000 98.2500
%CS. (14.4407) (10.3795) (10.9415) (13.1250) (3.7148)

58.5000 23.6250 18.8750 54.6250 67.0000
U.5. (19.5346) (10.7634) (6.1312) (Q7.3810) (28.3596)

4.6875 11.3125 14.4375 10.3125 5.2500
N.C.S (2.5487) (4.3469) (3.1826) (3.3009) (3.2965)

3.8750 3.2500 2.2500 3.0000 .6875
N.I.S. (2.9411) (3.4928) (3.3764) (3.9665) (1.4009)

1.5975 3.ZZ35 3.6713 Z.3769 1.5434
U(S) (.8620) (.8446) (.3304) (1.2056) (1.0023)

1.2531 2.9550 3.4800 2.1069 1.2506
U(C.S.) (.7800) (.7475) (.4343) (.9644) (1.0332)

1.4381 1.1412 .7669 .9719 .2263
U(IS) (.9022) (1.1927) (1.0951) (1.2891) (.6388)

11.7500 32.2500 38.4375 19.5000 14.3750
N.S D2 (8.4814) (7.6898) (6.8114) (10.2892) (15.2398)

6.9375 16.8125 24.6250 12.6875 6.5625
NS.Dlo (4.3584) (7.5474) (5.8523) (5.5464) (4.9121)

.5625 2.9375 4.8750 26.3750 8.5000
NSC (1,0935) (3.7143) (4.4253) (16.0452) (15.9625)

TABLE 24: For ewh ine, mean and stmxar dev~km i
ewh 5s of te group NDD1oCN, for te adokzc of te T
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N globl N N N

93.0Z44 94.2857 93.3333 91.5Z38
sC.S. (7.1431) (4.7026) (8.6101) (21.1934)

58.0000 61.2381 62.4762 63.7143
.S. (26.1763) (26.1494) (27.4729) (28.4976)

6.9512 6.7143 6.0000 5.0952
N.C.S. (4.2717) (4.4849) (4.4045) (4.0113)

2.3171 2.2381 2.0000 1.6190
NIS. (1.9930) (1.8413) (1.7321) (1.6272)

1-1954 1.7971 1.6710 1.5338
U(S) (1.1600) (1.1625) (1.1679) (1.1320)

1.6351 1.5290 1.4205 1.2362
U(C.5) (1.0687) (1.0956) (1.0714) (1.1421)

.9141 .8871 .7852 .5357
U(I.S.) (.9432) (.9642) (.7794) (.7165)

15.4390 15.3333 14.0952 32.1579
N.S.D 2  (10.6491) (11.6161) (10.5967) (15.5108)

TABLE 25 For each index, mew anl stndd devmtn i N
gO eahl d m each 3esson of the up NNN, for te adult of te
G popiawn.



N global N N N

94.0556 93.0588 95.Z941 96.z353
ic S. (5.3769) (6.4077) .(5.4745) (4.4092)

52.3333 52.7059 54.5882 54.7059
D.S. (26.2319) (27.8293) (25.9303) (26.8416)

7.3056 6.4118 5.7647 5.9412
N.CS. (4.5783) (3.9220) (3.4556) (3.0510)

2.2778 2.6471 1.8235 1.4706
WIS. (2.0648) (2.3964) (2.1574) (1.4194)

2.0603 2.0100 1.8188 1.7841
U(S) (1.1547) (1.2218) (1.0889) (.9634)

1.0814 1.7112 1.6100 1.6094
U(CS.) (1.1077) (1.1091) (1.0085) (.9371)

.8969 1.0524 .7306 .4641
UO S) (.9461) (1.0345) (.9268) (.7236)

19.5000 18.3529 19.7059 20.4118
N.S.D 2  (12.0250) (12.2574) (12.2870) (12.0730)

TABLE 2 6. For each index, m and s azd deviawn m N
glbal and m each sesmn of the gmup NNN, for tdokcent
of t G popukwn.
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N D.

91 7000 96.9000
rC S. (8.9742) (3.6978)

54.6000 21.8000
S OS. (26.4384) (11.1996)

7.2000 13.5500
N.C.S. (4.1371) (4.4660)

2.4000 1.4000
N.IS. (2.1861) (1.6351)

2.0395 3.3845
U(S) (1.1742) (.7959)

1.7465 3.2815
U(C'5) (1.0563) (.7635)

.9425 .5025
U(I.S.) (.9448) (.8441)

15.5500 37.9500
N.S D2  (9.8327) (7.2291)

TABLE 27 : Foi eah imex, mm and Mdaida devmuou m
the f= tw nsm of the group NIN, for t aiduls of te G
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N D

94.9474 96.7363
.S. (4.2357) (2.7657)

52.0000 20.5263
% DS- (25.4820) (6.3890)

8.1053 13.6316
NC.S. (5.0651) (2.5865)

1.9474 1.6316
NI.S. (1.7151) (1.3829)

2.1053 3.4542
U(S) (1.1230) (.3091)

1.8821 3.3311
U(C.5) (1.1306) (.3287)

.7579 .7274
UO S.) (.8638) (.7329)

205263 38.4211
NS.D2  (12.0525) (5.8435)

TABLE 28 For eah index, mean amd farzd devian m
t two seimo of the group h'N, for the maosens of te

G popukan.
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Uc.S.

L c N

N -3.66 -3.71 .53 -4.26

N ' -1.29 1.91 -2.61

N 0• N.S. 2.47 -2.89

C N.S. N.5. * 3.77

N

I D.S. N.C.S. N.I.S.

-.53 -1.55 .67 -3.17 -.73 -.82 -6.55 -1.57 1.66 3.41 -1.57 4.95

N.S. - .40 .92 -1.64 N.S. -. 14 -4.5 1.4 N.S. 1.62 -2.12 2.96

NS. N.S. 1.41 -1.86 N.S. NS. -3.29 1.57 * N.S. -2.75 3.18

N,S. N.S. N.S. -3.38 .. *44 ** 5.73 N.S. N.S. * 3.99

N.S. NS. N.S. N.S. N.S. * 44

U(S) U(C.S.) U(I.S.)

.82 1.15 -2. 8 3.65 -. 30 -. 38 -2.93 2.03 1.91 2.846 -1.25 5.36

N.S. .16 -2. 31 1.7 N.S. -. 01 -2.23 1.36 N.S. 1.10 -2.00 2.98

N,. 'N.S. -2.55 1.98 N.S. N.S. -2.18 1.68 • N.S. -2.70 2.84

4 4 * 4.95 * N.S. 4.10 N.5. N.S. 6.07

N.S '  N.S. "N.S. N.S. NS *•

N.S.0 2  N.SD 0 N.S.C.

-.03 -.70 -2.2 .83 -.69 -.83 -4.19 1.07 .97 -1.26 -4.94 -2.10

N.S. -. 88 -2.39 .62 N.S. -. 42 -3.50 1.06 N.S. .51 -4.91 -1.89

NS, NS, -1.82 1.41 N.S. N.S. -2.92 1.40 N.S. N.S. -4.7 -2

.S. N.S. 2.67 4 4.92 0* *0* ** 1.45

N. S. S. N.S. N.S. N.S. 444 N.S, N.S. N.S. N.S.

M " For ewh nlex, Studen-T-ises for rekfd sampbs,
for th 5 3ewx= of a e,,"mtnb1 gup krHNCN, maznz d
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IC. S.
N N N c N

N -3.61 -2.6i -1.16 -3.69

N -, 1.64 2.23 -1.81

N N.S. 1.02 -2.8

C N S. " N.S. -3.2

N N.S.

S D.S. N.C.S. N.I.S.

-. 78 -. 14 -1.18 -1.78 .40 .66 1.82 .42 2.71 1.63 .53 3.65
- , -

*,.5..45 -t81 -1.45 N . 8 2.13 .23 * -1.12 -2.28 2.2

N., . NS. -1.16 -2 N.S. N.5. -2.6 .06 N.S. N.S. -.89 3.06

N.S. N.S, N.S. -.49 N.S. .67 S N.S. 3.28

N.S. N.S. N.S. N.5. N.S. N.S. N.S. , ,

U(S) U(C.s.) u(I.S.)

2. 16 .91 .31 1.82 .32 .20 -.05 .87 2.71 1.37 .63 3.91

- -.39 4-.9 1.10 N.S. -.05 -.20 .81 " -1.07 -2.21 1.64

.S. . 27 1.44 N.S. N.S. -. 18 .94 N.S. N.S. -.67 2.84

. . NS. N.S. 18 N.S. N.S. N.S. 1.25 N.S. N.S. 3.32

NS. N.S. N.S. NS N.5. N.S. N.S. N.S. N.S.

N.S.02 N.S.D1 o N.S.C.

-1.26 -.75 - 14 .22 .94 -.21 -.86 .38 56 .75 -4.90 -1.3e

N.S. .31 .47 .83 N.S. -.75 -1.2 .03 N.S. .15 -4..84 -1.34

N.S. N.S. .26 .72 N.S. N.S. -71 .49 N.S. N.S. -4.89 -1.5;

N.S. N.S. N.S. 48 N.S. N.S. N.S. 1.39 4 -. 6'

N.S. N.5. N.S. N.S. N.S, N.5. N.S. N.5. N,< N.S. N.5.

TABLE 2 10 - FoT ewh nme, Sudeem-T-t" for Mad smpks,
for te 5 sesmim of ft ezperbenal grup HHNCN, angz te
14-15 y.o.



% C. S.

N D D10 C N

N - 1.6 -1.61 -4.36 -2.88

N. S, .25 -.32 -2.74

0 N.S, N.S. -.63 -1.6
10

c N. S. N.S. -1.55

N N. S. N.S.

I 0.S. N.C.S. N..S.

4.25 5.20 -1.62 -1.54 -3.77 -4.69 -2.23 .78 .56 .61 1.4 3.82

3 -6.92 -4.37 E E -2.26 .67 2.79 N.S. . .l-86 12..9

**. * - 8.52 -5.14 '9. * 4.31 4.43 N.S. N.S. 1.05 1.97

N.S. ' - 24 * N.S. * 2.16 N.S. N.S. N.S. 1.55

N .S . 0* 0 N .S . N .S . , ,N.S . N .S . I N .S

U(S) U(C.S.) U(U.S.)

-4.21 -5.27 .34 1.8 -4.78 -5.64 -. 224 1.11 -.27 .31 .92 3.01

-2.77 4.53 3.97 *• -2.48 4.72 3.89 N.S. 1.06 1.3 3.07

** * 7.03 4.97 *.. * 7.60 5.08 N.S. N.S. .92 2.48

N.S. ° 99 1.11 N.S. ** ... .94 N.S. N S. N.S. 1.76

N.S. 4* N.. N.S. SN S [ * N. S. N.S.

-S-.D 2 N .S .D o O N .S .C .

8 -' S-5.42 .86 .70 -3.37 -6.01 -1.02 -.21 -1.32 -3.67 -9.24 -2.54

-3.95 6.82 5.04 ** -3.66 2.49 2.70 N.S. -1.58 -8.56 -2.32

1 10.95 6.28 •'. * * 5.74 5.98 ( * N.S. -9.27 -2.0 1
N.S. 10 N.S. * *W .80 ,, ** *** - 1.98

-S01 . - .98

NN.S . N .S . N-S . I * .,. N .S . N . S .

TABLE 211 For ewh iMgex, Stu--T-tes foriekad 3~ple,
for", B w gsmSK of te ezpeszznml goup NDDIoC, a=a to
ul8.
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%C. S.
N D 010 C N

N -3.11 -4.0D6 -3.22 -4.10

. -2.07 .50 -2.86

S.. N. S. 1.57 -1.87
I0
C N.S. N.S. -2.6.4

N*4 N.S

' { .5 .N .C .S . N .I .S

6.68 6.97 .72 -1.18 -5.89 -9.85 -5.93 -.55 .95 2.47 1.4 4,74
-------------------------------------------- n

1.47 -4.43 -5.21 ** -2.4 .78 4.37 N.S. 2.24 .28 3.66

*4* N.S. -4.82 -6.58 *.* . 3.75 11.93 * * -. 92 2.40

, S *** *** -1.53 *,, N.S. ** 6.85 N.S. N.S. N.S. 2.82

I.S. **" *** N,S. N.S. **I ... *.. I 4 .*. I -

U(S) U(C. S. ) U(I.S.)

-5. 17 -8.12 1-1.92 1.94 -7.48 -9.94 -3.30 .01 1.09 2.73 1.6 4.93

... -2.07 -2.57 5.01 **, -2.37 2.99 4.75 N.S. 1.74 .144 3.2

1NS 4.18 9.65 * * 4.8 9.23 * N.S. -.69 2.49

NS. 3.39 * * 2.94 N.S. N.S. N.S. 2.89

'..S. o e , N, S. oeo ,.e ooo, 4~. e

N'S 02 N.S.D10  N.S.C.

-6.94 -9.15 -2.73 -.62 -5.19 -10.2 -4.49 .25 -2.54 -3.77 -6.35 -1.98

-3.81 4 5.07 *.* -3.9 2 5.08 * -145 -5.8 -1,53

5.89 7.14 * 4-* 7.01 16.18 "0 N.S. -5.31 -.85
5.8N.LZ *.* *.. 1.281 *** N.S. 444 4.36£ ** ** * 3.85

,N -. **4 N.S. N.S. N.S. N.5. N.S.

TABLE 2 12 For ech Mex, St~lent-T-es for rttd smpks,
for lte 5 seto of th erperntl goup NDD1 oCN, Ammg te
14-l5yo.
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N globe) N N. N C N

t=-.86 t=.26 t=.33 t=-1.Z1 t=.A5 t=-.81

NS. MS. NS. MS. MS. MS.

t--.06 t--.84 t--.80 t-- 1.47 t-.91 t-- 1.71
D.S.

N.5. M.5. M.S. .S. M.S. M.S.

t--.05 t-2.3 t=1.35 t=.86 t=.O1 t=Z.5Z
N.C.S.

M.S. MS. M.S. MS.

t-1.13 t-.13 t--.75 t-.68 t-- 1.82 t-.71
N.I .S.

N.S. N.S. M.S. M.S. M.S. M.S.

t=.59 t=1.47 t=1.1Z t=1.42 t=-.98 t=Z.15
U(s)

MS. MS. M.S. NS. MS. *

t--.25 t-1.95 t=1.43 t-1.32 t--.46 t-2.24
U(C.S.)

N.S. M.S. M.S. M.S. MS.

t=.76 t=-.60 t=-.99 t=.43 t=-2.07 t=1.3
U(I.S.)

MS. MS. M S. M.S. MS.

t-.25 t-2.38 t-2.27 t-1.13 t--.05 t-l.35
N.SD 2

M.S. * S. M.S. MS.

t-.68 t-2.63 t- 1.48 ts 1. 12 t--. 18 t-2.24

N.S.D 10

MS. * MS. MS. MS.

t-.78 t-2.2 t-. 1? t-.37 t-.07 t-- 1.59
N.S.C.

M.S. N.S. MS. M.. N.S.

TABLE 2.13: Stent T-tr(ae) im N gkbwI zn eh rpn
of te g!Dup NNNCN.
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N O DIO C N

t--.88 t--.64 t. -. 2 t-2

N.S. N.S. N.S. N.S. NS.

t=.78 t=o ta1.6 t--.96 t-.04
D.S.

NS. NS. N.S. NS. NS.

t--2.46 t-.02 t--.08 t--.12 t--.72
N.C.S.

N.S. N.S. N.S. Ns.

t= 1.41 t=.91 t=. 13 t=.97 t=.71
N.I.5.

N.S. NS. NS. NS. NS.

t--.73 t-,13 t--.50 t-.80 t--.30
U(S)

N.S. N.S. N.S. N.S. N.S.

t=- 1.6Z t=-.03 t=-.44 t=.78 t=-.37
U(C.S)

MS. NS. NS. NS. NS.

t1.62 t-,47 t--.06 t-.80 t--.66
U(I.S)

N.S. N.S. N.S. N.S. N.S.

t=- 1.4 t=-,19 t=-.37 t=1.59 t=-.06
N.S.D 2

N.S. N.S. N.S. N.S. N.S.

t=- 1.42 t=O t=.50 t=.52 t=-.95
N.S.DIO

N.S. M.S. N.S. N.S. MS.

t=- 1.18 t=.28 t=.16 t=- 1.16 t=1.40
N.S.C.

N.S. MS. NS. N.S. NS.

TABLE 2.14 Stade T-sr (qe) m N gbl and in ewh umsm
of te gmq HDD 10CN. ( p.").
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ANOYA (AGE x IMTRIX)

Factor Wge F( 1,5Z)=.A1I1 N.5.

sC.S. Factor Matrix: F( 1,52)-.240 M.S.
Age x Matrix F( 1,52) =.494 MS.

Factor age : F( 1,52)-.556 M.S.
%DS. Factor Matrix: F(1,52)-29.799 p<.O000

Age x Matrix F( 1,52)=.563 N.5.

Factor ee : F( 1,52)-.776 N.5.
N.C.S. Factor Matrix: F( 1,52)-20.450 pv.O000

AgerMatrix F( 1,52)=. 730 M.S.

Factor age : F(1,52)-.077 M.S.
N.I.5. Factor Marix F( 1,52)-.803 M.S.

Age x Matnx F(1,52) = 1.385 N.S.

Factor ge : F( 1,52)=.954 N.5.
U(S) Factor Metrx. F(1,52)-24.963 p(.O000

Age x Matrix F( 1,52)=.688 MS.

Factor age : F(1,52)-1.175 N.5.
U(C.S.) Factor Matrix: F( 1,52)=29.153 p.000

Age x Metrix F( 1,52)=1.311 N.5.

Factor age: F( 1,52)=0.74 M.5.
U(I.S.) Factor Matrix: F( 1,52)-621 N.S.

Age x Matrix F( 1,52)= 1.002 NS.

Factor se : F( 1,52) -2.290 N.S.
N.S.D 2  Factor etrix: F( 1,52)-39.776 0<0000

Age x Matrix F(1,52)=3.329 MS.

factor age : F(1,52)-.761 N.S.
N.S.DPo Factor Matrix: F(1,52)=21.412 p(.O000

Ae x Matrix F(1,52)=.783 MS.

Factor e : F( 1,52)-.019 M.S.
N.S.C. Factor Matrix: F(1,52)=3.270 M.S.

Age x Metrix F(1,52)-.106 M.S.

TABLI 2.9: For each tdez, ANOVA (ap z l ) i f
secoml xsn (m es N amd D, ater N).
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14- 1 Sy.o. ADULTS
(df-29) W-f20)

t-.71ts-.5Z
sc.s. H.S. Ns.

ts4.O8 t-3.61
%D.S.

t--2.8B6 ta-3.63
N.C.S.

t- 1.25 t-.45
N.1IS. Ms. Ns.

t-- 3.39 t-- 3.67
U(S)

ta-3.6 ta-4.06
U(C.S.) t

t= -1. 19 tz.28
IJ(.S.). H.S. H.S.

t--3.94 t-- 5.21
N.5. D2

N.S. D i I

t=- 1.68 t--.04
N.SC. N.S. N.S.

TAB LE 2.16: For su±h toex, Student T-ar (ui) in ft
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ANOYA (AGE x PRE-TRAINING)

Factore ge F(1,5Z)-.1 16 M.S.
U1.S. Factor Pre-Training: F( 1,52)-.2.658 N.S.

ge x Pre-Training• F( 1,52)u 1.999 NS.

Factor ap : F( 1,52)-.004 N.S.
D.S. Factor Pre-Training F( 1 ,52)-.428 N.S.

Age x Pre-Training: F(1,52)=1.732 N.S.

factor age: F(1,5Z)-.004 N.5.
N.C.S. Factor Pre-Trining F( 1,52)-.032 N.S.

Age x Pre-Training• F( 1,52)=.006 MS.

Factor ge : F(1,52)-.482 N.S.
N.I.S. Factor Pre-Training F(1,52)=3.127 N.S.

Age x Pre-Train ng F(1,52)=4.046 p (.05

Factor we: F(1 ,52)=.64 M.S.
U(S) Factor Pre-Training : F(1,52)-.623 N.S.

Age x Pre-Training- F(1,52)=1.598 MS.

Factor age : F(1,52),.007 N.S.
U(C.S.) Factor Pre-Training: F(1,52)=.016 N.S.

Age x Pre-Traini g F(1,52)=.695 M.S.

Factor ae : F( 1,52)=.678 M.S.
U(I.S.) Factor Pre-Training F(1,52)-4.634 p .04

Ae x Pre-Traini i: F( 1,52)=4.066 p (.OS

Factor age: F(1,52)-.819 M.S.
N.S.D 2  Factor Pre-Training ( 1,52)-.066 N.S.

Age x Pre-Training: F( 1,52)m.961 MS.

Factor age: F( 1,52) -. 022 N.S.
N.S.D 10  Factor Pre-Training: F( 1,52).1 02 N.S.

ge x Pre-Treini ng: F(1,52)*.193 MS.

Factor ag: F(1,52)-.503 M.S.
.SC. Fector Pre-Treining : 7(1,52)a1.737 M.S.

Age x Pre-Training: F( 1,52)-.652 N.S.

: For each izxi, AHOVA (age z pw-f O nm f
fouft 3esi (uutiz C).



14-1 ~.o.ADULTS
(dfa29) (dfu2O)

t--.35 t--2.14

t-.32 t-- 1.61

ta-.08 to-.19
N.C.S. N.S. N.S.

t=.10 t=2.71
N .5. N.S.

t=-. 19 tz 1.72
U(S) N.S. N.S.

t=- .41 ta.8Z
U(C.S.) U.S. U.S.

t=.38 t=3.1 I
U IS.). N.S.

t--.40 ta1.08
N.S.D 2  N.S. U.S.

t=- .04 t=.59
NS5D 1Q N.S. N.S.

t--.45 -1
N.SC. N.S. N.S.

TABLE 2.18: For eah inex, Sudem T-t (po-VobOnto m
four swmsn (rr C) for ewh age-gmup. ( .05
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ANJYA (AGE x PRE-TRAINMING)

Factor age F( J .52) .645 M.S.
SC.S. Factor Pre-Training: F( 1 ,52)-.952 N.S.

Age x Pre-Training F( 1 ,52)=.348 NS.

UD.S. factor Pre-Training: F(1* 52)x.049 N.S.
Age xPre-Traini n: F(1,52)-1.303 N.

Factor age: F( 1,52)-.926 N.S.
N.C.S. factor Pre-Training F( 1 ,52) -. 144 N.S.

Age xPre-Trainiip: F(1,52)=4.56 p .04

Factor ae : F(1,52)-f.O09 N.S.
N.I.S. Factor Pre-Training F(1,52)=1.336 N.S.

Agex Pre-Training: F(1,52)-.035 N.S.

Factor ap : F(I,52).1.443 N.S.
U(S) Factor Pre-Training: F( 1,52) -.010 N.S.

Age x Pre-Trai ni n: F( 1,52)=.818 NS.

Factor age F01,52)-1.290 N.S.
U(C.S.) factor Pre-Training: R( 1,52)..047 N.S.

Age x Pre-Trai ning: F( 1 ,52) =3.01 1 N.S.

Factor ae: F(1,52)=.062 N.S.
U(I.S.) Factor Pre-Training :F( 1,52)-.489 N.S.

Age x Pre-Training: F(1,52)=.388 Ms.

Factor age : F( 1,52) -1.175 N.S.
N.S.D2  Factor Pre-Training: F( 1 ,52). 152 N.S.

Agex Pre-Training: F(1,52)=1.436 N.S.

Factor sp: F(1,52)-.487 N.S.
N.S.D 10  Factor Pre-Training: F(1I,52).030 N.S.

Age x Pro- Trai ning: F(1,52)-4.736 p (.04

Factor age F(1,52)-4.431 p40
N.S.C. Factor Pre-Training R 1,52) -.880 N.S.

Age x Pre-Traini ng F( 1,52)=.007 N.5.

TABE 2 19 For each Mex, ANOYA (ae x pm-ummg)J i t
fitt a~m ~
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ANOVA (AGE x STUDY)

N Globl N N
( 1st. smion) (2rd. smesion) (3rd. ssion)

Factor age: F(1,169)*.00, NS F(1,63)w.742, NS F(1,63)-.179, NS
C .S. Factor Study: F(1,169),,22.029, p4.WO F(1,63)m.074, N6 F(1 ,£)5)-)1 1, NS

Agex Study. F(1,169)m1.890, NS F(!,63)=.103, NS F(IA3)m1.140, NS

Factor s9 : F(1 ,169)w.674, NG (I ,63)1 .479, Ng I(1,W-)2.856, NG
ND.5. Factor Study: F(I,f69)-.334, NS F(f,3)3.X, NS F(1,63)-.351, NS

Age x Study: F( ,169)-.224, NS F(1,63)-.002, MS 3(1 63)-.190, NS

Factor ae: F(1,169)=.08, NS F(I,63)-.439, NS F(I,63)w1.28, HS
N.C.S. Factor Study: F(1,169)-I .322, NS f(1 63)-.1 10, NS F(1,63)-.345, NS

Age x Studyj: F(1 ,169)=.D49, NS F(1 ,63)l 212, NS F(I ,63)- M, NS

Factor ga : (1 ,169)w..096, M 3(,")1 51,NS R ,A3)=.103, NS
N.I.5. Factor Studu: F(I .169)=1 1.144o p¢.O0I F( 63)=283, NS F(1.63)=1.583o NS

Age x Study F(1,169)-1.e47, NS F( ,63).221, US F(1,63)-.617, HS

Factor age : F(1 ,169)=.449, NS F(1,63)*1 .019, NS F(1,63)=2.174, MS
U(S) Factor Study : F(1,169)-.634, NS F(l,63)-,211, NS ( ,63)-.694, NS

Age x Study: 3( ,169).037, NS r(1 ,63)-337, NS F(1,63)-.435, NS

Factor a 3(1 ,169)=.534, MS r(1,63)-1 .7'7, MS (1 ,6)2.50, NS
U(C.S) FactorStudy: F(1,169)=.493, NS F(0,63)-.141,NS F(1,63)=.513,NS

Age x Study: F(1 ,169),.046, NS F(0,63)-.479, MS F(1 ,63)-.112, NS

Factor e: F( ,169)=.008, NS F(1,63)-.666, MS F(1,63)o;.006, NS
U(I.S.) Factor Study: F(II69)-=.O,p4.005 F(1,63),,.193, NS F(1,63)-3.334, US

Age x Study: F(1 ,169)-.878, NS F(1 ,63)-.476, NS F( ,63)=295, NS

Factor ge : r(1 ,169)=2.602, Mg (1,6Z)=6546, p(.02 F(1 ,63)=4.617, pl.04
N.S.D 2  Factor Study: F(1 ,169)=2.128, NS F(1,63)=.357, NS F(1,63)-.043, NS

Age x StudUy : F(1 ,169)w.659, NS F(1,63)-.346, NS F0 ,63)=.068, NS

TABLE 2.20 : For each inez, ANOV. (age x suty) in to for,
seconMd tad d m pqqsmw (NNW.

1 /
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14- 1 Sy.o. ADULTS
(41=81) Was 8I

t-4.34 f-2.17
%C S.

t-.1 I t-.72

tz-98 to.62
N.C.S. N.S. N.S.

t=- 3.10 tm- 1.38
N.I.S.N.S.

t--.72 t=- .39
U(S) N.S. N.S.

t-.66 t-.31
U(C.S.) N.S. M.S.

t=- 2.69 ta- 1.21
U(I.S.). N. S.

twl.56 t=.39
N-S.D 2  N.S. N.S.

fABL! 2.21: For eb index, Sudent TAMs (std) in N gkobel
(1b 3ssxon), foach ae-Cxap. ( p<. 0; *0p< 0 1

0. p1).

92



ANOYA (AGE x STUDY)

Factor ag F(1,65)".414 H.S.
%C.5. Factor Studu . F(1,65)=6.Z38 p (.IT2

Ae x Study F(1,65) -. 425 N.S.

Factorge: F( 1,65) v.098 N.S.
%D.S. Factor Study: F(,65)-1.037 N.S.

Ae x Study: F(1,65)=.063 N.S.

Factor age : F( 1,65)".004 MS.
N.C.S. Factor Study : F(1,65)=5.418 p (.03

*ge x Study: F( 1,65)-.000 NS.

Factor ae : F( 1,65)-1.060 N.S.
MI.S. Factor Study F(1,65)-4.940 p 4.03

Ae x Study : F(1,65)u.551 N.S.

Factor se : F(1,65) a.117 N.S.
U(S) Factor Stud : F(1,65)-1.582 N.S.

Age x Study : F( 1 ,65)-.007 N.S.

Factor ge : F(1,65)=.024 HS.
U(C.S.) Factor Study : F(1,65)u=4.303 p < .05

Ae x StudU: F( 1,65)=.031 H.S.

Factor as: F( 1,65)=.895 H.S.
U(I.S.) Factor Study : F(1,65)=3.304 H.S.

Age x Studyj: F( 1,65)-.002 H.S.

Factor age : F( 1,65)=.000 M.5.
N.S.D2  Factor Studyj• F( 1,65)-8.910 p < .004

Ae x Study : F(1,65)-.087 N.S.

TABLE 2.22: Foreowh index, ANOVA (ae x stcdy) m D, m
secondi seson.
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14- 15 j.o. ADULTS
(dr=33) (dfz29)

t-1.92 t-1.64
VCS. NMS. NS.

t,- 1.06 t--.44
D.S. N.S. N.S.

t=1.95 t-1.37
N.C.5. (t) NtS.

ta- 1.86 tu- 1.1 8
N.3.S. N.S. .S.

t= 1. I t-.7
U(S) M.S. N.5.

tal 98 t=1.07
U(C.S.) (4) N.S.

t=- 1.26 t=- 1.3
U(I.S.). N.S. N.S.

t=2.7 1=.59
N.S.D 2  M.S.

TABLE 2.23: For euh index, Stuent T-It(stuy) in D (second
seon) for ech ae-poup.(() p-059, p<05).
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LIST OF TABLES

TABE3.1 : For each index, mean and standard deviutionin N 96
global and in each session of the group NNNC, for the subjects
with a school education of technical type (Vat IIT).

ThBLE3.: For each index, mean and standard deviation in N 99
global and in each session of the group NNNC, for the subjects
with a school education of non-technical type (Vv 1 N-T).

IALEU: For each index, mean and standard deviation in 100
each session of the group NDD 10C, for the subjects with a school
educationoftechnicaltype (Var In).

TABI.4 : For each index, mean and standard deviationin 101
each session of the group NDD I0C, for the subjects with a school
education ofnon-technicaltype. (Vw I/N-T).

TABLE i: For each index, mean and standard deviation in N 102
global and in each session of the group NNNC, for the subjects
with a lower level of school education (Vat 2L).

TABLE3.6: For each index, mean and standard deviation in N 103
global and in each session of the group NNNC. for the subjects
with a medium level of school education (Var21M).

TABLE3,7: For eachindex, mean and sandard deviation in N 104
global and in each session of the group NNNC, for the subjects
with aupper level of school educzion(Vzr 2/U).

TABLE3.8' For each index, mean and standard deviationin 105
each session of the group NDD I 0C, for the subjecs with a lower
level of school education(Var2L).

TABLE3,9" For each index, mean and standard deviation in 106
each session of the group NDD I0 C, for the subjects with a medium
level of school education(Var2M).

TABLE3.10: For each index, mean and standard deviationin 107
each session of the group NDDi 0C, for the subjects with aupper
level of school education (Var 2/J).

TALE3.11: For each index, ANOVA(type xlevel)inNglobal 108
and in each session, of the group NNNC.
I = factor type, in N global: F(1,68); in NNNC : F(1,35)
2 = factor level, in N global F(2,68); in NNNC: F(2,35)
3 = factor typex ltvel, in N global: F(2,68); in NNNC: F(2,35)

TABLE3.12: For earls index, ANOVA (type x level) in each 109
session of the group NDD IOC.
I = factor type: F(1,32)
2 =factor level: F(2,32)
3 = factor type x level: F(2,32)
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1 StudentT-et (type of school educaio) in N 110
global an in eacbse on of the grou NNNC(* :p<.05 ;

a: p<.Ol; .. : p<.001; NS: no gmniica).

TALE3.14' Sudew T-tes (type of school educuzion) in each III
session of the group NDDI 0C

TAB LE3.15 For each index, ANOVA (group ztype)in the fim 112
session (matrix N).

TABLE3.16: For each index, Student T-tes inthe fir, the 113
econd and the fourth sessions, for the global population.

(V : P.05- aa : I. 01; aas : P<.001; NC : no significant).

TABLE3.17: For each index, ANOVA (Mazrix x Type) in the 114
second session (N and D, after N).

TABLE3. 18: For ewhindex, Student T-te (Marix)in the 115
second session, for each type of school educaton. (:p<.05.
" p< 01;"' :p<.001; NS no significant).

TABLE3.19: For each index, ANOVA (pre-trining x type) in the 116
fouwt session (matix C).

TABLE3.20. For each index, Stden T-tes (Marix)in the fourth 117
session, for eacb type of school education(" p<.05, " p<.0 ;
NS no signicami).

TABLE3.21: For each index, means accordiig the subjects 118
cogniLive style, inNglobal.

TABLE3.22: For each index, mens according the subjects 119
cognitive soye, in the sessions 2,3 and 4 of the experimental
group NNC-

TABLE3.23: For each index, means according the subjects 120
cognivestyle, inthe sessions 2,3 and 4 of the experimental
group NDD 10C
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N GLOBAL N N N C

8826 8905 9140 9495 92.19
X Cs (1,26) (1.94) (207) (1.68) (1.45)

56.72 55,43 65.20 7552 52.29
X D S (3.58) (4.49) (5.78) (5.69) (4.34)

6.56 6.90 5.25 4.52 10.71
NCS (053) (0.79) (0.83) (080) (069)

3.33 2.76 1.95 1.48 3.19
NS (028) (039) (0.33) (0.43) (056)

2.07 2.13 1.56 1.16 2.56
U (S) (0.15) (020) (0.23) (025) (0-18)

1.59 1.71 1.22 0.96 2.22
U (CS) (0 15) (019) (0.22) (0.22) (019)

1.45 1.20 0.60 0.43 1.30
U (Is) (0 12) (017) (017) (0,18) (023)

14.08 15.19 11.90 8.90 19.10
N SD2 (987) (U 80) (2.23) (1.82) (220)

8.49 9.05 6.95 5.71 13.76
N.S.DIO (076) (112) (1.33) (1 15) (1.36)

1.15 1.76 1.15 0.86 2676
N.SC (0,50) (091) (041) (0.30) (2.07)

TABLE 3. 1 : For ch index, mndszd dev in N
obtl and m each q of t ,mup NNNC, for * subjec

Yl a r.bool eidQman of lbbnial p (Va IT).
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N GLOBAL N N N C

9300 9520 97.43 97.33 79.33
X CS (1.43) (0.99) (085) (084) (4.82)

7200 81.33 74 73.87 4280
xD S (444) (3,91) (6.31) (7.24) (546)

4.80 3.67 3.43 3,47 10.13
NCS (058) (056) (0.92) (0.99) (0.58)

2.27 1.53 0.93 1.00 6.33
N I S (036) (026) (0.22) (0.24) (1.20)

1.33 0.96 0.97 0.96 3.01
U (S) (0 19) (0-18) (0.24) (028) (0.23)

1.02 0.70 0.85 0.83 2.35
U (C5) (01 6) (0 15) (0.23) (027) (0 16)

0.88 0.53 0.16 0.28 2.00
U (Is) (0 15) (016) (011) (013) (036)

9.87 6.13 6.79 8.80 17.60
NSD2 (171) (0.98) (2.36) (3.03) (1.51)

6.37 4.53 4.36 4.67 12.27
N 5 D10 (1.00) (0.68) (1.26) (1.57) (093)

0.60 0.20 0.57 0.47 21.40
N S C (026) (0.20) (0.31) (0.32) (303)

TABLE 3-2: For ewh tndex, m ond s1lmzaid devit in N
gI)bal mA! m ech mmSDn of ft grop NNNC, for te subjem
vtth a sbo! eda Pi of xn-tschnxa1 type (Var IN-).
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N D DIO C

87.33 9444 9678 97-22
x CS (1.58) (1.26) (1-02) (069)

5822 21,56 15.11 53.89
X DS (5.84) (1.72) (0,63) (6.17)

6.17 12.56 15.17 11.67
N.C.S (0.71) (0.82) (0.60) (0.93)

400 2.28 1.39 1.28
N I S (0.34) (046) (044) (0.27)

2.01 3.39 3.73 2.41
U (S) (022) (0.I1) (005) (026)

1.44 3.19 3.62 2.28
U (CS) (023) (0 13) (007) (026)

1.73 095 051 039
U ( 5) (0 16) (024) (0.21) (016)

12.78 3400 4050 2194
NS D2 (208) (160) (1.21) (280)

7.83 18.72 23.89 15.06
NS.DIO (1 02) (1.49) (116) (1,80)

044 3.78 5.78 2844
N.5C (0.15) (081) (0.92) (282)

TABLE 3.3: For owh iex, and slmt ad defbn i
uh mn of f gq N iDDI 0C, for te subject vi a xbool
im n of' b al typ (Va rm).
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N D DIO C

9080 91.87 9573 9453
X C 5 (261) (2.32) (232) (3.22)

6267 23.33 1493 51.73
X D 5 (7.34) (211t) (1.23) (5.82)

5.93 12.40 16.07 11.60
N.CS. (095) (1.08) (0.93) (0.87)

300 2.60 1.40 1.67
N I5 (062) (051) (048) (069)

1.70 3.33 3.82 2.51
U (5) (031) (0 13) (007) (023)

i. 33 3.06 3.68 2.31
U (C5) (027) (017) (014) (023)

1.23 1.09 044 0.58
U (Is) (024) (024) (021) (026)

1360 3533 4307 22.53
NSD2 (302) (202) (188) (285)

8.20 1833 28.13 14-80
NSDIO (1.78) (1.75) (204) (1.53)

100 300 5.93 26.33
N5 C (0 46) (0.70) (0.76) (3.07)

TABLE 3.4 - Fore h index, mm and sudazd deviimn in
wh im nof 6 pup NDDIoC, for6 subj with& asoo

edwatn of not-chbdda tYe. (V& IN-T).



N GLOBAL N N N c

8914 9040 9300 94,80 8740
x Cs (2.01) (347) (3.49) (2 70) (5.47)

61.24 64.00 67.00 66.00 5260
x D S (5.60) (7.65) (8.77) (9.35) (6.23)

6.29 6.50 4.70 5.20 10.30
N C.S (0.83) (1.32) (1.28) (1.44) (0.97)

3.10 2.40 1,50 1.20 4.20
N.I.S (0.41) (0.69) (0-52) (0.51) (1-19)

1 90 1.83 1.39 1.42 2.59
U (S) (024) (036) (035) (039) (028)

1.46 1.46 1.13 1.24 2.14
U (CS5) (023) (033) (033) (035) (022)

1.31 091 034 0.40 1.61
U (1IS) (0 18) (027) (0-23) (0.23) (035)

1352 1360 10.60 10.90 1720
N.SD2 (222) (2-90) (3.53) (3.03) (191)

8.52 8.70 6.20 6.60 12.30
NSDIO (1 26) (1.81) (2.12) (1.94) (1.23)

1.05 0.90 1.t0 1.00 2690
N.SC. (037) (0.43) (0.57) (0.52) (337)

IME S For ewh todex, -n swuddviaon In N
g~ia and in ah q 1 11n of tr gmq HNNC, for ft sub~t
vil a kver bye1 of xboo ad r Wn (Yu 211.).
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N GLOBAL N N N C

9140 9231 9300 95.08 8846
C Cs (1.60) (1.84) (2.43) (1.96) (3.24)

69.50 70.31 72.33 7877 5369
X D S (4.86) (587) (7.19) (7.66) (424)

4.90 4.46 3.83 3.62 9.77
NCS (060) (0.74) (0.78) (0.81) (054)

2.60 2.15 1.42 1.62 4.23
NIS (041) (037) (0.42) (0.58) (1.03)

1.52 1.43 1.14 099 2.55
U (5) (0.22) (0 26) (0.26) (0.32) (0.20)

1.13 1.09 087 077 2.08
U (CS) (019) (0,23) (0.23) (0.29) (0.15)

1.04 086 041 0.46 1.46
U (i.5.) (0.20) (021) (0.20) (023) (038)

11.10 10.38 7.50 8.08 15.92
N S D2 (1.96) (227) (1.84) (2.90) (1.42)

6.45 5.92 4.92 500 11.85
NSDIO (1.05) (1.26) (0.97) (1.55) (0.89)

030 0.31 0.58 0.62 27,15
NSC (021) (0.31) (0.29) (0.37) (2.08)

JAB LE 3.6 :For oh inie, mmmad rldzd deriatm in N
globa and m awh ,esi of ibe goup HNC, for te subpm
yz a mediam kel of schnal em nr n (Va ZM)
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N GLOBAL N N N C

9043 9185 9550 9769 8477
x CS (1.55) (1.76) (099) (067) (422)

6057 6385 6683 77.69 3969
X DS (4.73) (648) (709) (646) (6.76)

6.07 5.92 5.00 3.69 11.31
NCS (0.65) (099) (126) (1.07) (090)

2.89 2.23 1.67 1.00 500
NIS (038) (041) (0.28) (028) (1 19)

1.80 1.70 1.43 090 3.08
U (5) (020) (028) (031) (026) (027)

1,40 1.36 1.22 078 2.56
U (CS) (0 18) (025) (030) (025) (027)

1.23 099 049 024 1.70
U (I5) (0 16) (022) (0 19) (016) (035)

12.11 10.77 11.42 8.08 2200
NSD2 (162) (204) (333) (268) (323)

7.64 7.23 6.58 4.54 15.08
NSDIO (0.94) (1.17) (190) (147) (2.03)

1.25 2.08 1.08 0.54 20.08
N S C. (068) (1.44) (0.56) (031) (346)

TABLE3.7: For ewhoexmewz amdi mdrd devktm i H
gkI and m euh en of te gmap ,WNC, for te subjecs
vft a upper kyel lof xol eda (Vw Z,).
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N D DIO C

8800 9455 9800 9745
X Cs (2.29) (1.66) (089) (047)

5873 2200 14.73 49.09
X DS (839) (2.63) (091) (6.48)

6.09 12,82 15.73 12.36
N C5 (1.08) (116) (070) (0.79)

3.73 2.18 1.00 1.27
N I 5 (041) (0.55) (045) (0.24)

1.96 3.37 3.75 2.62
U (5) (033) (0 17) (0,06) (023)

1.45 3.18 3.67 2.50
U (CS) (034) (019) (0.09) (0.24)

1.68 098 030 0.32
U (I5) (0 17) (029) (0-22) (0 17)

1345 3364 41.55 2427
NSD2 (345) (222) (145) (282)

8.36 1891 2464 1600
N5 D O (183) (2.31) (1.51) (1.66)

1.18 2.73 5.73 2645
NSC (062) (063) (1.00) (294)

TABLE 3.8: For awh index, mea d u s~xan deviton in
msh 1eP ' of e tmmp NDDIoC, for te subjcs vuh a ber
lem] of shool ad uoftn (Vax 2(L).
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N D DIO C

8971 93.71 9600 9714
% Cs (3.13) (1.77) (1-95) (0.74)

6800 22.86 14.86 37.71
X DS (9.21) (2.34) (0.86) (990)

5.71 12.43 15.57 13.71
N.C.S (1.02) (1.04) (1.09) (1.48)

3.43 2.57 1 .71 1 .43
N 1.S (092) (069) (0.81) (037)

1.69 3.37 3.78 3.04
U (5) (041) (012) (006) (0.40)

1.22 3.14 3.64 2.93
U (C5) (0.34) (014) (0 11) (0.40)

1.38 1.15 057 051
U (Is) (040) (035) (039) (025)

12.43 3514 4229 3057
NSD2 (390) (261) (201) (5.09)

7.43 1857 2586 1929
N.SDIO (1.94) (1.94) (197) (314)

0.29 4.43 5.86 2114
N.S.C (0.18) (1.73) (1.44) (4.49)

TABLE 3.9: For awh index, mAnd nolm devivn in
Owh esei of to gxvq NDDIOC, fort rbj" vit amadium

bhe of -DOl adumtm (Vu 2/M).
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N D D10 C

8920 9213 95-20 9440

x C s (2.48) (2.39) (236) (3.28)

57.73 2240 15.33 62.80

9 D5 (693) (204) (1.23) (5.70)

6.20 12.27 15.47 10.13

N CS (0.90) (1.10) (0.96) (0.96)

3.47 2.53 1.53 1.60

NIS (058) (0-55) (0.52) (0.73)

1.88 3.35 3.78 2.07

U (5) (028) (0 12) (008) (0.26)

1.43 3.08 3.63 1.85

U (C5) (026) (0 18) (0.15) (0.23)

1.43 097 057 0.57

U (Is) (023) (027) (023) (0.28)

1327 3507 41.47 16.80

NSD2 (248) (1.96) (200) (2.36)

800 18.27 2667 12.13

NSDIO ( 47) (1.66) (217) (1.55)

053 3.47 5.93 31.20

NSC (017) (0.78) (093) (3.20)

TABLE 3 10 For ewh jmdex, -md sumdard defttion in
wh xsn of mp NDDI 0 C, for 6 subm vnih a uper

kvC of sck1 dation (Var 2u)
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F N GLOBAL N N N C

1 6.31 p= .01 5.86 P-.02 5.35 p- .02 1.18 NS 873 p= .006
X CS 2 044 NS 0.19 NS 0.43 NS 0.74 NS 0.28 NS

3 238 NS 0.62 NS 1.25 NS 0.17 NS 2.12 NS

1 7.36 p- .008 15.48 p= .0005 098 NS 0.03 NS 1.86 NS
X D 5 2 0.99 NS 0.45 NS 0.18 N5 0.78 NS 1.81 NS

3 1.08 NS 0.00 NS 1.20 NS 1.87 NS 0.00 NS

1 4.87 p- .03 8.93 p- .005 1.96 NS 0.69 NS 0.36 NS
NCS. 2 1.07 NS 1.28 NS 0.31 NS 0.61 NS 0.97 NS

3 0.47 NS 000 NS 0.64 NS 1.24 NS 0.53 NS

1 5.8 p- .01 5.36 D- .02 5.04 p- .03 0.70 NS 7.08 p- .01
N.I.S. 2 038 NS 0.07 NS 0.11 NS 0.45 NS 0.21 NS

3 1.88 NS 0.67 NS 0.51 NS 0.26 NS 2,60 NS

I 9.87 p= .002 15.83 p= .0004 2.72 NS 0.29 NS 2.29 NS
U (5) 2 0,83 NS 0.64 NS 0.27 NS 0.69 NS 146 NS

3 1,02 NS 0.00 NS 0.78 NS 1.35 NS 0.38 NS

1 649 p=.0 1 (373 p=.0009 1.23 NS 015 NS 0.24 NS
U (CS) 2 075 NS 0.70 NS 040 NS 079 NS 1.42 NS

3 072 NS 000 NS 0.72 N5 1.68 NS 0.23 NS

I 8.51 p= .004 7.03 p=.01 3.28 NS 0.38 N5 3.15 NS
U (15) 2 0.61 NS 0.10 NS 0.13 NS 033 NS 0.13 NS

3 1.18 NS 0,47 NS 0.13 NS 0.18 NS 2.52 NS

1 3.78 p; .05 14.29 p- .0007 2.28 N5 0.00 NS 0,27 NS
NS.D2 2 0.38 NS 067 NS 0.54 NS 0.30 N5 1.81 N5

3 1.26 NS 0.00 NS 0.89 NS 2.01 NS 0.54 NS

1 2.92 NS 9 17 p= .05 1.71 NS 0.29 NS 0,69 NS
N.5.DIO 2 0.85 NS 1.12 NS 0.28 NS 0.38 NS 1.36 NS

3 061 NS 0.00 NS 0.69 NS 0.98 NS 0.45 NS

I 083 NS 1.97 NS 1.06 NS 072 NS 2.27 NS
NSC 2 088 NS 0.97 NS 039 NS 036 NS 1 82 NS

3 1.60 N5 0.50 NS 100 NS 080 NS 000 NS

TABLE 3. 11: For each indez, ANOVA (type x leve) i N global
and! m esch 3e3sion, of the group NNC.
1- famr type., iN global : F(1,68) ) in NNC F(1,35)
2 -f1or lvel, m H global - F(2,68); in NNC F(2,35)
3 = factr type x levl, in H global : F(2,68) in NNNC : F(2,35)
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F N D DIO C

1 1.34 N5 0.94 NS 0.17 NS 0.70 NS
C S 2 0.10 NS 0.34 NS 049 NS 0.42 N5

3 1.28 NS 017 NS 0.13 NS 0.00 N5

1 0.22 NS 0.41 NS 0.02 NS 0.07 N5
XDS 2 0.36 NS 0.02 NS 0.08 NS 3.19 D- .0 5

3 0.80 NS 0.95 NS 0.25 NS 1.74 NS

1 0.04 NS 0.01 NS 0.62 NS 000 NS
NCS 2 0.05 NS 0.06 NS 0.02 NS 275 NS

3 0.70 NS 0.65 NS 0.19 NS 0.43 N'

1 209 NS 0.2 NS 0.00 NS 0.27 N5
N IS 2 0.07 NS 011 NS 0.35 NS 0.08 NS

3 1.25 NS 0.00 NS 0.20 NS 000 N5

1 0.62 NS 011 NS 1.12 NS 009 NS
U (S) 2 014 NS 001 NS 007 NS 274 NS

3 0.90 NS 000 NS 007 NS 108 N5

I 0,019 NS 032 NS 015 NS 000 NS
U (CS) 2 013 NS 008 NS 003 NS 3.73 p=-.03

3 016 NS 000 NS 016 NS 1.2 NS

1 3.23 NS 015 NS 005 NS 0.36 NS
U (Is) 2 041 NS 0.08 NS 0.34 NS 0.26 NS

3 0.75 NS 0.10 NS 0.55 NS 0.23 NS

1 005 N5 0.28 NS 1.24 NS 0.03 NS
NSD2 2 0.02 NS 0,15 NS 0.04 NS 4.86 p= .01

3 1.41 NS 1.92 NS 0.2 NS 209 NS

1 0.03 NS 0.03 NS 3.16 p= 0.08 001 NS

NS.DIO 2 006 NS 0.03 NS 028 NS 305 N5
3 1.18 N 011 NS 000 NS 0.69 NS

1 2.32 NS 0.49 NS 002 NS 0.27 NS
N.5C 2 1.91 NS 0.61 NS 001 NS 1.87 NS

3 7.72 p- .002 095 NS 1.0 NS 1.10 NS

TABLE 3.12 : For eah i.dex, ANOVA (type x ieveI) m ewh
mmn of the g oup NDDIOC
I = fa lr type: F(1,32)
2 - fctr Jve1l: F(2,32)
3 - faclor type x lve : F(2,2)
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N GLOBAL N N N C

t -2.48 t = -2,51 t = -2.33 t= -1.12 t = 292
% CS * * NS

t -271 t - -4.14 t - -1.01 t 0 . 18 t - 1.37
XD 5-* NS NS NS

t = 2.22 t =3.08 t - 1.45 t 0.83 t - 061
NCS * NS NS NS

t = 240 t 2.41 t = 2.35 t = 0.87 t = -260
NIS * * * NS

t = 3 15 t = 417 t = 170 t= 054 t = -1.52
U (5) ** NS NS NS

t =257 t 389 t = 1 14 t - 0.39 t = -049
U (CS) - NS NS NS

t =293 t =277 t = 191 t = 065 t = -1 74
U (I5) - NS NS NS

t 1.95 t 395 t = 1.54 t • 003 t = 051
NSD2 * NS NS NS

t =1 72 t= 3.12 t = 135 t = 055 t = 083
N.S DI 0 NS NS NS NS

t 090 t 1.43 t - 1 05 t - 086 t = 1.51
NSC NS NS NS NS NS

TABLE 3 13 : Suzle T-am (type of 3cbool adumWn) m H
gobal anmim wh of te gw N'NC P< .0

:<.Ol 0" : P.001 HS : no xtfz 1.
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N D DIO c

t - -1.18 t 1.02 t - 043 t 0.89
C S NS NS NS NS

t- -0.48 t= -0.66 t - 0.13 t 0.25
xD S NS NS NS NS

t -020 t= 0 12 t -0.84 t 0.05
NCS NS NS NS NS

t =1.48 t -0.47 t -0.01 t -0.56
N l.S. NS NS NS NS

t 081 t=035 t -- 113 t--029
U (S) NS NS NS NS

t 031 t = 060 t - -041 t -006
U (CS) NS NS NS NS

t= 185 t =-041 t•023 t -- 063
U (Is) NS NS NS NS

t =-023 t = - 0 5 2  t -- I.18 t - -O 15

NS D2 NS NS NS NS

t = -0 19 t - 0 17 t -- 1.88 t - 0 11

NS.DIO NS NS NS NS

t = -1.25 t a 0.71 t •-0.13 t a 0.51

NSC NS NS NS NS

TALE 3.14: ftni T-am (typ of 3cIlo adum i mo
11.of t ', DD10C.



,*VVA (GROUP X TYPE)

FACTOR GROUP F (1, 68) = 2.05 N S
x Cs FACTOR TYPE F (1, 68) 6.23

GROUP X TYPE F (I, 68 ) - 0.78 V S

FACTOR GROUP F (1, 68) - 1.20 NS
X DS FACTOR TYPE F (1, 68) = 770

GROUP X TYPE F(1,68) - 4.03

FACTOR GROUP F (1, 68) -0.42 NS
NC.S FACTOR TYPE F(1,68) - 5.10 *

GROUP X TYPE F (1, 68) = 3.81 "

FACTOR GROUP F (1, 68) - 9 70
NI5 FACTOR TYPE F (1,68) = 648

GROUP X TYPE F (1, 68) = 070 NS

FACTOR GROUP F (1,68 ) = 0.99 N S
U (S) FACTOR TYPE F (1, 68) = 1032

GROUP X TYPE F (1, 68) = 3.79

FACTOR GROUP F (1, 68) = 0.24 NS
U (C S) FACTOR TYPE F (1, 68) = 6.84 *4

GROUP X TYPE F (1, 68) = 435

FACTOR GROUP F (1, 68) = 1025 **

U(I S) FACTOR TYPE F (1,68) - 975
GROUP X TYPE F (1, 68) = 0.99 NS

FACTOR GROUP F (1, 68) = 070 NS
N502 FACTOR TYPE F (1,68) = 4.07 *

GROUP X TYPE F (1,68) = 572 *

FACTOR GROUP F (I, 68 ) - 048 NS
N5DIO FACTOR TYPE F (1, 68) = 3.09 NS

GROUP X TYPE F (1, 68 ) - 418 *

FACTOR CROUP F (1, 68) - 047 NS
NSD FACTOR TYPE F(1,68) - 083 N5

GROUP X TYPE F(1,68) - 298 NS

TABE, 5 For wk bA , -UIOVA (gzW I V.) b  B
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N -N (df = 67,0) N - D (df = 65,0) C -C (df -67,0)

F Cs t-- 1.38 t -0.33 t 318
N5 NS

X DS t - - 1.02 t- 10.22 t 0.84
NS NS

NCS t - 0.62 t - 8.82 t " 1.50
NS NS

N IS t = 3.00 t - 2.22 t = - 4.07

U (5) t =091 t = 10.58 t - - 1.30
NS NS

U (CS) t = 045 t = 1057 t =012
NS NS

U (Is) t = 301 t 2.94 t=- 435

NSD2 t = 079 t -11.84 t= 156
NS NS

NSDIO t -0.67 t =863 t = 1.23
NS

NSC t= - 068 t 4.18 t - 1.09
NS NS

,,MLE 3.16 : IFor ueh nex, Stade T-ur i t , ta
mcond and t fomA mSow, for tt globl popukw&

S< I.05, p1<.; r.m. 001; NS m 31



ANWVA (MATRIX X TYPE)

FACTOR MATRIX F (1,68 0 12 NS
% CS FACTOR TYPE F(1,68) * 090 NS

MATRIX X TYPE F (1, 68) 5.71

FACTOR MATRIX F (1, 68) - 104.4
X DS FACTOR TYPE F(1.68) = 0.51 NS

MATRIX X TYPE F (1, 68) " 1.41 NS

FACTOR MATRIX F (1, 68) 7774
NC.S. FACTOR TYPE F (1, 68) • 048 NS

MATRIX X TYPE F(1,68) 151 N5

FACTOR MATRIX F (1, 68) - 5.06
N I S FACTOR TYPE F (1, 68) 060 NS

MATRIX X TYPE F (1,68) 296 NS

FACTOR MATRIX F (I, 68) - 116.55
U (S) FACTOR TYPE F (1, 68) 148 N S

tMATRIX X TYPE F (1, 68 ) 3.24 NS

FACTOR MATRIX F (1, 68) - 111.84
U(C S) FACTOR TYPE F (1, 68) - 068 NS

MATRIX X TYPE F (1, 68) = 1.37 NS

FACTOR MATRIX F (1. 68) = 8.72
U (I 5) FACTOR TYPE F (1, 68) - 036 NS

MATRIX X TYPE F (1,68) = 2.18 NS

FACTOR MATRIX F (1, 68) - 142.64
NS.D2 MATRIX X TYPE F (1,68) - 015 N5

MATRIX X TYPE F (1, 68) = 3.03 NS

FACTOR MATRIX F (1, 68) = 73.90
NSDIO FACTOR TYPE F(1,68) - 0.40 NS

MATRIX X TYPE F (1,68) - 1.16 N5

FACTOR MATRIX F (I 68) - 1729
NSD FACTOR TYPE F (1,68) - 087 NS

MATRIX X TYPE F (1, 68) - 040 NS

U 3.17 F o ikd, AHIOVA (HM x Typ) in to
ncd -(H ad D, W H). -



T (df - 36) N- T(dW - 27)

% CS t - 1.25 t- 2.24
N5

X D.5 t= 7.23 t- 7.61

NC.S t -6.23 tu - 6.29

N f.5 t -059 t - - 3.03
NS5

U (5) t= -7.22 t• -855

U (C5) t -7.62 t= - 771

U (1S) t -1.20 t - -356
N5

NSD2 t 7.87 t = - 9 23

NSDIO t -5.91 t= -638

NC S t -2.88 t •- 3,18

TABLE 3.18 : For owh iex, 3itment T-W (Mamt) i te
aco ps sxin, for eh type of wo ol edt (*: p.05;
so: l .0; ***" P<.00; HS: mo sintfic*.



A,4DVA (PRE-TRAINING X TYPE)

FACTOR PE-TRAINING F (1, 68) 11-64
% Cs FACTOR TYPE F(1,68) 7.84

PRE-TRAINING X TYPE F (1, 68) 4.27

FACTOR PIE-TRAINING F (1, 68) 071 NS
X DS FACTOR TYPE F (1,68) 1.11 NS

PRE-TRAINING X TYPE F (1, 68) " 0.52 NS

FACTOR PRE-TRAINING F (1, 68) * 2.19 NS
NC.5 FACTOR TYPE F (1,68) • 0.13 NS

PRE-TRAINING X TYPE F (1,68) - 015 NS

FACTOR PRE-TRAINING F (1, 68) - 18.62
N I5 FACTOR TYPE F (1, 68) = 566 *

PRE-TRAINING X TYPE F (1, 68 ) = 456

FACTOR PRE-TRAINING F (1, 68) = 169 N 5
U (S) FACTOR TYPE F (1, 68) = 1.38 NS

PRE-TRAINING X TYPE F (1, 68) = 069 NS

FACTOR PRE-TRAINING F (1, 68 ) = 001 NS
U (C 5) FACTOR TYPE F (1,68) = 019 NS

PRE-TRAINING X TYPE F (1, 68) - 006 NS

FACTOR PRE-TRAINING F (1, 68 ) - 19545
U(I 5) FACTOR TYPE F (1, 68) - 263 NS

PRE-TRAINING X TYPE F (1,68) - 1.63 NS

FACTOR PRE-TRAINING F (1, 68) - 2.36 NS
N502 FACTOR TYPE F (1, 68) - 0.02 NS

PRE-TRAINING X TYPE F (1, 68) - 0205 NS

FACTOR PRE-TRAINING F (1, 68 ) - 1.49 NS
NSIO FACTOR TYPE F(1,68 ) - 031 N5

PRE-TRAINING X TYPE F (1, 68 ) - 023 NS

FACTOR PRE-TRAINING F (1,68) - 1205 NS
NSD FACTOR TYPE F (1,68) - 183 N5

PRE-TRAINING X TYPE F (1, 68.) - 047 N5

BIL.19 I Fai och Ad, ANOVA (paw-Uf X VF) if tm
3se5V (saff C).



T (f - 36) N-T (df - 27)

% C.S t= - 285 t - 2.39

x D.5 t -0.23 t a -0.84
NS NS

NC.S t = -074 t- - 1.40
NS NS

N,.S t = 2.80 t = 3.09

U (S) t - 0.47 t - 1.27
NS NS

U (C5) t = -015 t = -006
N S N5

U (1S) t = 2.93 t = 2.99

NSD2 t = -070 t= - 172
NS NS

NSDIO t = -050 t - - 147
NS NS

NCS t = -049 t - -088
NS NS

-- For ewh kda, Stuew T-um (Mas) m to lot
isgim, for awh type of school =Imcort. p<: .05; 00: <0 1;

NS n fika1
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N global

A B

% CS 91,20 89,47

% DS 66,40 60,95

NCS 5,43 6,11

NIS 2,90 2,95

U (S) 1,63 1.85

U (CS) 1,23 1,42

U (IS) 1,21 1,20

NSD2 12,30 12,18

NSDIO 7,17 7,89

NCS 1,07 0,71

Tab. 3.21.

For each index, means according to the subjects'

cognitive style, in N global. In N global,

30 Assimilators (A) and 38 Explorers (E).
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N N C

A E A E A E

% CS 94,13 93,67 95,76 96,11 84,5 90,44

% DS 71,5 66,44 81,41 68,95 46,63 51.44

NCS 3.94 5,00 3,00 5,05 10,44 10,56

NIS 1,25 1,78 1.00 1,53 5,19 3.56

U(S) 1,13 1,48 0,78 1,35 2,84 2.61

U(CS) 0,89 1,23 0,59 1.18 2,29 2,23

U(IS) 0.26 0,55 0,21 0,5 1.76 1,32

NSD2 9 10,5 5,82 11,58 17,5 19,22

NSDIO 5,06 6,61 3,82 6 13,06 13,22

NCS 0,50 1,28 0118 1,16 23,5 26.28

Tab. 3.22.

For each index, means according to the subjects' cognit've style,

in the sessions 2, 3 and 4 of the experimental group NNNC

(16A and 1BE).
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D D10 C

A A E AE

% CS 95,38 91,79 98,46 94,84 97,37 94,95

% DS 21,85 23,05 14,15 15,79 55.08 53,16

NCS 13,38 11,79 16,38 15,05 11,92 11,47

NIS 2.00 2.68 0,69 1,84 1,15 1,68

U(S) 3,41 3,32 3,81 3,74 2,44 2,44

U(CS) 3,25 3,03 3,76 3,56 2,32 2,24

U(IS) 0,81 1,12 0,08 0.73 0.38 0,57

NSD2 34,85 34,42 43,54 40,47 21,46 21,84

NSD10 19,31 17,89 26,54 25,21 5,38 14,63

NCS 3,54 3,42 5,62 5,79 28,46 27,21

Tab. 3.23.

For each index, means according to the subjects' cognitive style,
in the sessions 2, 3 and 4 of the experimental group NDDOC
(14A and 20E).
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APPENDIX 4

Papers related to the study of variability published, submitted or presented at
conferences during the period covered by this project.

- Can we teach scientific creativity ?, by M. Richelle. Revised version 5
of the paper presented at the symposium Science, Creativity and
Education, Firenze, Italy, December, 1986

- Apprentissage et enseignement. Rtflexion sur une complcmentaritd, 18
by M. Richelle. In M. Crahay & D. Lafontaine (Eds),L'art et la Scien
dr9'Enseignement. Ed. Labor, Education 2000, 1986, 233-249

- Variabilitd Comportementale et Conditionnement, by B. Boulanger, 35
A.MIngebos; M. Lahak; A. Machado and M. Richelle.
L'annde Psychologigue. 87, 1987, 417-434

- Operant conditioning of behavioral variability using a percentile 53
reinforcement schedule, by A. Machado. Journal of Experimental
Analysis of Behavior, In press.



In addition to the papers reproduced here, other related papers are.

Variation and Selection : The Evolutionary Analogy in Skinner's Theory, by M.
Richelle. In S. Modgil & C. Modgil (Eds) B.F. Skinner. Consensus and
Con.tovers. Philadelphia, The Falmer Press, Taylor and Francis Inc, 1987,
127-137

Le dtveloppement de la variabilite comportementale chez l'humain, by B.
Boulanger. Doctoral thesis to be submitted to University of Litge, 1989

Moreover, presentations of parts of the material reported have been made at
various Scientific Meetings :

- How to train pigeons to vary their sequences ?, by B. Boulanger. Poster
presented at the Annual Meeting of the Belgian Society of Psychology. Bruxelles,
Belgium, May, 1986

Conditioning variability in humans : a developmental approach. by B. Boulanger.
Paper presented at the Second European Meeting of the Experimental Analysis of
Behavior, Liege, Belgium, July 1988

Symposium on Behavioral Variability in Learning and Cognitive processes.
Organized by M. Richelle as an invited symposium at the Sidney International
Congress of Psychology. August 26 - September 3, 1988. With participation as
invited speakers of J. Delius, Konstanz (F.R.G.), J.E.R. Staddon (Duke
University, U.S.), P. Bovet (CNRS Laboratory, Marseille), G. Lautrey
(Universitt Rent Descartes, Paris).
M. Richelle's introductory paper "Looking at Variability in its own right", was a
shortened version of chapter 2.1.

M. Richelle, Main investigator, has been invited to lecture on Behavioral
Variability in various places during the period covered by the contract. These

include the Hungarian Academy of Sciences in Budapest, the University of
Neuchatel in Switzerland, the University of Lisboa in Portugal and the University
of Lille in France.



Marc N. RICHELLE

Faculty of Psychology and Education
Laboratory of Experimental Psychology
University of Liege - Belgium.

CAN WE TEACH SCIENTIFIC CREATIVITY ?
An experimentaJ psychologist's point of view.

This is a revised version of a paper delivered at the the symposium Science. Creativity
and Education. Firenze, December 1986.

Theoretical and experimental work presented in this paper has been made possible
thanks to grants from the Belgian Fonds National de la Recherche Scientifique and the
U.S. Army European Research Office (Basic Research in Behavioral and Social
Sciences).
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Overt concern for creativity in education and in psychology is rather recent; it goes
back, roughly, to the fifties. If asked for an explanation, most people, especially in
educational circles, would probably declare that members of the teaching community,
had, by that time, developed new insights as to the role of schools, and that the old
view of teachers as transmitting knowledge had given place to a new look,
emphasizing the fostering of creative minds. A closer look at history, recent as it is,
suggests a less idealistic account (Richelle and Botson, 1974). Psychologists and
specialists of education became much concerned with creativity in the United States of
America in a peculiar period : competition between the two superpowers was
exacerbated by the cold war, and the progresses of Soviet technology threw doubt on
the efficiency of the American educational system, especially in science teaching.
People started talking a lot about creativity, because it had become scarce, just as they
start talking about money or oil when there is a shortage of these items. This is,
admittedly, not the single cause of the awareness for and of the subseqtL,-it interest in
the problem of creativity. Specialists in education and in psychology are L-u.inly to
be credited for their penetrating new approaches to a hitherto neglected domain. There
is no question about that. However, creative activities have been with us for
thousands of years, with no need for any deliberate steps towards inducing them.

These preliminary remarks are intended to remind us of an essential, though, at
first sight, trivial point_ Whatever we might have to say or to know about the nature of
creativity or about its psychological conditions, in terms of intelligence, underlying
cognitive mechanisms, personality, learning and so on, socio-cultural factors are
undoubtedly crucial in generating creative activities in humans. This should be kept in
mind by all those who attempt to improve school curricula, teaching procedures,
assessment methods for detecting or producing talents or geniuses. Their task might
be futile if not backed by a sociocultural context. Cultural history as well as
comparative sociology are, in that respect, essential sources of information, that
should not be left aside by any person concerned. This is to say that the problem of
creativity, and more specifically of scientific creativity, cannot be approached from
one single point of view, but is typically an object for pluridisciplinary approach. This
precaution was necessary in order to avoid misunderstandings about the ideas
developed below, and to frame them correctly in a wider perspective.

The question " Can we teach scientific creativity ? " might sound strange, for
different reasons, to different audiences. To science teachers, traditionnally required to
teach science, it will evoke an unusual assignment, far beyond their recognized
competence and far beyond the competence of their students, and, anyhow,
impossible to fulfill with the ordinary facilities at hand. To productive scientists, who
probably do not remember having been taught that subject matter, it will induce a
reply like : "Do good research and ,eventually, something new will come out of it". In
some psychologists and people in education sharing a view that is still prevalent in
many circles, it will provoke the objection : creativity is not the kind of thing you can
teach because people are born with ( or without ) it. Common sense might simply
point to our ignorance of the nature of creativity, and consequently to the obvious
difficulty in teaching something you don't know anything about.

An efficient though crude solution to the problem might be to go on doing what
has been done -n the past, that is transmitting scientific know-how somewhat after the
tradition of craftmanship. As it seems this way is no longer fully satisfactory. Creative
productions in science do not match the expectancies or are not commensurate to the
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economic and intellectual investment in science education. But what else can be done
is not clear.

Psychologists have not been of great help, and, worse than that, some of them
have contributed to mislead teachers by statements that, to say the least, are not based
on objective observations. As pointed out above, the question of teaching scientific
(or other) creativity has no object at all for those who think of creativity as an inborn
capacity that demands only to flourish with as little constraint as possible. This view
is far from being typical of anti school and similar movements. It has been shared and
advocated in the 1970s by influential decision makers in scientific and technological
education. One of them used the unequivocal formula: "You cannot teach creativity,
all you can do is liberate it" (Schwartz, L., 1973).

Supposing you praise creativity above anything else, say information or
know-how, you might logically suggest, following that sort of statement, that we
should give up teaching. Nobody has really taken that risk, especially as far as science
teaching is concerned, but that view has probably generated among teachers the
uncomfortable feeling that their teaching might have an adverse effect on an ability that
is supposed to need only to be freed from (undefined) constraints rather than to be fed
by systematic instruction. Teachers were left with no guidelines for action and were
diverted from looking for inspiration in fields of psychology relevant to education, in
which the vague notion of creativity has little place. Psychology of learning has been
especially in disrepute because learning processes have been much identified with the
passive shaping in an organism of rigid, stereotyped, fully predictable responses - all
the opposite of creativity. More about that l +'w.

If we want to progress in our understanding of scientific creativity and altogether
in improving scientific education, we must first get rid of such oversimplifications and
bring back our problem in a theoretical and methodological framework that will allow
empirical enquiry.

As a first step, it seems advisable to replace the word creativity by creative
behaviors, While we might never reach a consensus on what creativity is, we can
agree on the critical dimensions of certain behaviors, or of their outcomes, that we call
creative. In the field of science, we might like to use the number of Nobel Prizes per
million of citizens, or the percentage of elementary school pupils eventually earning
their Ph.D., or the number of technological inventions registered per year, and so on.

We shall not, for example, give the label creative to a behavior that is not, in some
way novel. Novelty needs of course to be qualified by reference to some set of
previously produced behaviors. All behaviors that appear for the first time in the
course of individual developement are, in some sense, novel by reference to what the
child had done until then. But this is obviously not what we have in mind when we
talk of scientific (or for that matter, artistic) creativity. In that case, novel behaviors
are refering to the cumulated set of previous productions in a wide cultural
community. There is very little chance that an individual will contribute some novel
behavior if he or she has not mastered, or has no thorough knowledge of what has
been done before. This is probably true of any creative contribution in the arts. It is
certainly true of any novelty in science, where no significant contribution has been
recorded from an individual ignorant of the field. This is to say that information,
training in basic know-how and basic knowledge, possibly to a point where many
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things are automatized, are prerequisite for original productions. This would be
enough to recommend teaching scientific knowledge as an important aspect of waining
future creative scientists. How to teach it is another question, that we shall consider
later.

If it is assumed that creative behavior is a product of some inborn endowment or of
a genuine exploitation by an individual of its intellectual gifts, then teaching - and
learning - would be limited to the transmission of the established knowledge and
methods currrently in use. This view is based on a persistent believe that learning and
consequently teaching (it makes no sense to teach what cannot be learned) concerns
only repetitive, stereotyped behaviors, as captured in expressions like rote learning or
conditioning. The psychology of learning would apply to those aspects of school
education that are unproductive and coercitive. School education, as that belief goes,
should look for inspiration in other fields of psychology, possibly psychology of
intelligence, cognitive psychology or some brands of so called humanistic psychology
of individual achievement. This states of affairs is bound to a misrepresentation of the
psychology of learning, the causes of which can be traced, for a part, in historical
aspects of the psychology of learning itself. Discussion of this point would take us far
beyond the scope of the present paper. As a matter of illustration, and in connection
with the argument developed below, let us just mention two elements responsible for
that misrepresentation.

(I) The psychology of learning has long been associated with a stimulus-response
psychology, that is to say a mechanistic reduction of an organism's behavior to a
purely passive role.

(2) Learning psychologists seem to have been interested more, in the last 50 years
or so, in how simple responses can be maintained - in an apparently stereotyped
manner - rather than in how new responses emerge. The emphasis has been on the
stabilization of what has been acquired rather than on acquisition itself.

If we look at learning in a different way, we shall get to an approach where
psychology of learning on one hand and psychology of intelligence or creativity on the
other are no longer in conflict - as is, paradoxically, the case today - but are
complementary to each other. In the applied field of education we shall be able to
combine in one coherent framework the assignement to teach, i.e. get the student to
learn, and to develop creative students - that is students who produce novel behavior
in their field of expertise (see also Richelle, 1986).

*

Learning processes are best understood in terms of an analogy with biological
evolution. The latter is typically a process of change, that has produced throughout
millions of years and is still producing an impressive number of novel forms. These
are not, in a strict sense, predictable. They are the result of a peculiar kind of causal
relation : some variations are fixed by selective pressure. The origins of variations
have little, if anything to do wilth the nature of selective factors at work. They are
mutagenic accidents, or fortuitous by-products of sexual reproduction. Chance is the
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key word here. That is not to say that variations are without causes, but that the
factors causing them are not related with their survival value as revealed afterwards,
when selection has retained them.

The analogy was explicitly and abundantly used by Popper, among others, as
rightly pointed out by Jacques Monod in his introduction to the French edition (1978)
of The logic of Scientific Discovery : " Conjecture and refutation play in the
development of knowledge the same logical role (as sources of information) as
mutation and selection, respectively, in the evolution of the living world. And if
natural selection has, in the living world, been able to build the mammals' eye or the
brain of Homo sapiens, why would selection of ideas not have been able, in its own
realm, to build the Darwinian theory or Einstein's theory ?".

The analogy between the process of biological evolution and scientific
discovery is pervasive in Popper's works. It is most explicitly stated in Objective
Knowledge. subtitled "An evolutionary approach". Especially relevant to my
argument is Popper's characterization of the growth of knowledge as a special case of
learning : "The growth of knowledge -or the learning VMe (italic mines) - is not a
repetitive or a cumulative process but one of error-elimination. It is Darwinian
selection, rather than Lamarckian instruction" (p. 144). "All this may be expressed
by saying that the growth of our knowledge is the result of a process closely
ressembling what Darwin called "Natural selection"; that is the natural selection of
hypotheses : our knowledge consists, at every moment , of those hypotheses which
have shown their (comparative) fitness by surviving so far in their struggle for
existence; a competitive struggle which eliminates those hypotheses which we unfiL"
(p. 261).

Popper goes on by framing this view of the evolution of scientific
knowledge in the general view of the development of knowledge - or learning - in
living systems : "This interpretation may be applied to animal knowledge,
pre-scientific knowledge, and to scientific knowledge." He further insists on the status
of the analogy : "This statement of the situation is meant to describe how knowledge
really grows. It is not meant metaphorically , though of course it makes use of
metaphores... From the amoeba to Einstein, the growth of knowledge is always the
same.... (p. 261).

In view of these, and many similar statements, reflecting not an incidental
idea but a central tenet in Popper's thinking, it is all the more surprizing that Popper
does not mention the close similarity between his theory and Piaget's epistemological
theory, not to speak of Skinner's conception of learning. Piaget is well-known (and
had been known for sometime at the time Objective Knowledge was published, 1978)
for his unifying theory of knowledge, involving basically similar mechanisms from
elementary biological forms to the highest achievements of human logics, as well as
obviously different levels of complexity. Though it had been in germ in his early
theoretical writings, Skinner elaborated the evolutionary analogy later in his career but
he had already done so in Science and Human Behavior (1953). Contingencies of
Reinforcement (1969) and About behaviorism (1974), (voir Richelle. 1987). As I
have noted about Piaget and Skinner (Richelle, 1976), influential theorists often seem
to ignore each other, and overlook significant convergences between their own and
others' views. This is an interesting problem for the psychology of scientific activity.
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To sum up, the evolutionnary analogy is equally appropriate to account for the rat
finding his way in a maze, for the pigeon learning to peck a key successfully to obtain
a food reward, for the chimpanzee discovering a solution to a practical problem, for
the child getting through a school assignement or solving a survival situation in the
slum of a great city and for the scientist carrying out experiments in the laboratory. In
all of these, and other cases, there is elimination of unsuccessfull behaviors, there is
selection of (possibly temporarily) adaptive activities by their consequences. This is
not to say that there are no important differences between pigeons, rats, chimpanzees,
children and scientists in term of structural complexity of their respective activities, but
we can leave that out for the moment. We shall assume that when an individual
organism is learning something - that is, is being changed as a result of interaction
with its environment - a mechanism is at work which is analogical, at the scale of the
individual, to the mechanism of biological evolution at the scale of the species. If the
analogy is to be taken seriously, we must identify the consequences that make for the
selective pressure exerted by the environment as well as the variations that provide the
raw material upon which selection is to operate. Learning psychologists have been
spending much time and ingenuity in describing consequences (in the Skinnerian
school, this endeavour has been represented by the thorough study of so called
contingencies of reinforcement . For reasons which need not be commented upon
here, they have widely neglected the study of the sources and of the nature of
behavioral variations.

There has been, however, a few exceptions to that neglect. Experimenters who did
not address themselves specifically to the problem of variation have made casual
observations, or collected experimental data that revealed relevant afterwards. More
recently, systematic research has been carried out that pave the way for an extensive
analysis. We shall not enter the technicalities of these researches but shall only
describe a few simple examples, conveying the general spirit.

Let us take a very simple motor response such as the well-known lever-pressing of
a rat in a conditioning chamber. Some positive co.c'quence will follow any motor
response sufficient in strength to activate the mechanical device. This leaves a number
of physical dimensions unspecified : beyond the minimum force required, responses
can vary in strength, they can vary in duration, etc. To what extend, and under which
conditions, will the subject make use of the freedom given to him to vary his
responses ? Simple experiments have shown that, in the absence of any restrictions,
the animal will make use of that freedom, and exhibit a wide range of variability (see
Boulanger et al., 1987).

Another simple case consists in arranging the situation so that responses can be
varied in space, for instance by providing several levels instead of one, or by
providing a pecking-key extending over ten centimeters rather that limited to a small
disk, one centimeter in diameter. Monkeys offered several levers will make use of all
of them under some contingencies, but limit themselves to one single lever under other
contingencies. Pigeons exposed to a wide key will sparse their pecks over a wide
range, under some contingencies, while sticking at a limited surface under other
conditions.
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Other simple observations indicate a trend toward variation in animals, otherwise
duly rewarded for their behavior. In situations where two levers are available to a rat,
and are made equally efficient, the subject will more often than not tend to shift from
one lever to the other, even when he has been rewarded on the first lever. This
behavior, called win and shift as opposed to win and.ty& reveals a propensity to
change from a response in spite of its having been reinforced.

In an elementary situation, time to run from a start point to the end of a straight
alley is often used as a measure of learning. Running time decreases with training to
an asymptotic value. When administered with some drugs, such as alcohol or
amphetamines, rats showed running-times below that value. Paradoxically, the drug
seems to improve learning. A closer look however, reveals that non-drugged rats, at
the peak of their performances, still spend some time exploring the alley - doing
something else than just running straight -. Drugged rats do no longer display that
exploratory activity, they are rigidly doing what they are rewarded for. Learning is not
improved: variability is reduced.

These and similar data suggest that organisms behave, to some extend, as
generators of variability - and that their capacities for learning might be a function of
their potentialities for variation. This hypothesis is akin with what is known from the
study of exploratory activities and playing behaviors as well as with quantitative
analysis of foraging behavior in various species.

Getting one step further, we come closer to situations classically described as
problem solving tasks. Suppose there are 20 different ways to get the same,
successful result. Will a subject adopt one of these ways, or use several or all of them
? Will the choice be a different one depending upon the species, the age, the history of
the subject ? Can the choice be modified, for instance, by increasing the pay-off of
being more variable or less variable ?

Experiments addressing these questions have been carried out, after an initial
paradigm designed by Vogel and Anau (1973), by B. Schwartz (1981, 1985) in the
U.S. and by a group of researchers in our laboratory. We shall not describe these
results, because this would take us into many technical questions and also because
they would not, at the time being, lead to a general picture that would make sense to a
non-specialized reader. Suffice it to allude to data related to the last of the questions
formulated above, namely - in slightly different terms - "is behavioral variability itself
amenable to control by consequences, as any other learnable behavior ? In other
words, can selection operate on variability itself ?".

Subjects, animals and human, have been submitted to an experimental condition in
which reward is obtained for a given " solution " (here a sequence of responses)
provided that it differs from the just preceeding solution, or from the n preceeding
solutions. Producing a solution different from the just preceeding one reveals
impossible, or extremely difficult for pigeons ; rats are slightly better at that and
humans can manage to produce " novelty" as defined by reference to a larger set of
preceeding responses. This might simply reflect differences in mnemonic capacities,
but it is, at first sight, quite plausible to think of behavioral variability in that context
as related to memory. (Just as a scientist has to keep record of the hypotheses he has
already tested and eventually falsified).
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The idea of rewarding an ox ganism for variation has been put to work by Pryor et
al. (1969). The authors undertook to train sea porpoises for produCcing bits of motor
behavior that were novel, i.e. not yet emitted before in the experimental ses.,ions.
Novel behaviors were rewarded by fish; repetitive behavior went unrewarded. The
subjects exhibited a wide range of different activities, some of which had been
commonly observed before, some of which had not and reminded of behavior typical
of some neighbour species.

In a series of experiments performed in our laboratory a few years ago, (Richelle
and Botson, 1974) children were trained to solve practical problems by using
materials in unusual ways, by destructuring and recombining objects and pieces of
objects. That training induced flexibility of behaviors not observed in control subjects,
and it transfered to somewhat different situations used as post-tests.

Though unsufficient to provide general theoretical framework for the place of
variation in learning, these preliminary data and researches suffice to make it clear that
behavioral variability can be looked at within the framework of general learning theory
and can indeed be induced by resorting to well-known learning/teaching mechanisms.
We need not build distinct, mutually exclusive categories, one for learning ( and
teaching ), another one for creativity.

Looking at learning/teaching in that way of course changes something important in
a traditional approach to school education. Teaching should provide numerous
opportunities for variation. Teaching basic knowledge that is needed to build upon,
especially in science, should be closely linked with training in variability - call it, if
you like, divergent thinking. Though it does not make sense to cover again all the
steps that led to present knowledge, it is probably essential that the student to whom
such knowledge is transmitted gets trained to the sort of process by which errors were
eliminated. If we want to start science learning early in development, this cannot be
done at a purely abstract, symbolic and retrospective level. It must, litterally, be acd
by the young science pupils.

This brings us to another dimension of psychology in the science classroom. It is
by no means a new one, but it needs to be reminded because the Zeitgeist might tend
to put it aside. We owe to Piaget the central idea that knowledge is rooted in action.
What eventually develops in the more elaborate formal discourse, such as logics and
mathematics or theoretical physics, was initially experienced in simple sensory-motor
coordinations. Contemporary cognitive psychology, emphasizing the processes by
which information is captured and processed, has minimized the role of action in the
construction of knowledge. No one would deny the important and potential usefulness
of cognitive psychology in education, but teachers should be warned against the risk
of reinstating a passive subject - possibly actively treating information but without
acting on the world around him. The active approach to science education is widely
adopted by those who design interactive science museums and exhibitions.

The view of learning that has been eschewed here is perfectly compatible with the
constructivist developmental theory of Piaget, as well as with most contemporary
approaches to intelligence. It is by no means unconciliable with the current concerns
of cognitive psychology. Finally, it provides for a general conception in which
creative behavior is in continuity with other, more elementary forms of behavioral
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changes. Such a conception is in lines with respected tradition in scientific circles,
such as Popper's views on the nature of scientific discovery, that has been mentioned
above.

Teachers which make the effort to look for inspiration in psychology are exposed
to a much le.,s harmonious picture . Learning psychology, Piaget's
developmentalism, various brands of psychology of intelligence, psychology of
creativity, cognitive psychology and so on are generally presented as totally
conflicting schools of thought; some of them are said to be completely outdated,
supplanted by others, the survival of which makes no doubt for their followers. This
state of affairs reflects the persistence in psychology of a philosophical not to say an
ideological twist, that will hopefully disappear as psychology ripens with age.

In the meantime it makes it difficult for the well-disposed teacher to make a choice,
and find his way out. Eventually, he or she might give up all of psychology, with the
conviction that there is nothing to learn from such contradictions.

It is hoped that this brief discussion will encourage a more positive stand.
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Apprentissage et enseignement.
Re~flexion sur une comple~mentarite'

M. RICHELLE
Laboratoire de Psychoiogie expenmentale

Lrnoersite de Li~ge

Be ~.Ique

Enseignement et apprentissage ne sont que les deux faces
d&une rn~me chose. Vest Id une .vditd de bon sens. Nul nenseigzne
sans l'intention. ou l'espoir. que lekIve apprenne Si Ion peut
definir dans quelles conditions un organi .sme apprend. ii semble-
rait que I'on soit en mesure de preciser comment ii faut enseigner.
Pourtant. le spectacle des systemes scolaires contemporains. ou
lechec tient une place inquietante, ne parait pas confirmer cette
etroite liaison, A premi~re vue 6vidente, entre apprentissage er
enseignement. Peut- tre cela vient-il de ce que nous rfavons rien
compris encore A I'apprentissage. et par consequent que nous
nous trouvons dlans I'impossibilitd d'en d~duire les meilleures
modalit~s d'enseignement. L'enseignant se bornerait, dans ce cas.
A accomplir quelque rituel au rapport tr~s incertain avec les
conduites et les savoirs que V'on espere voir s'installer chez les
ekves. Dans sa forme Ia plus extreme, cette dventualit6 corres-
pondrair A Ia faillite de la psychologie de I'apprentissage. 11 se
pourrait aussi que. notre savoir sur l'apprentissage nedtant pas
n~gligeable, on Wait pas rdussi A en tirer parti dlans ]a mise en
place des conduites d'enseignement addquates, pour des raisons
qui releveraient de ]a communication entre les domaines. ou,
d'une faqon plus classique et plus g~ndrale, de l'articulation des
donn~es de k,. recherche fondamentale A U'application. Enfin.
peut-&re voit-ori tres bien, sachant comment on apprend. corn-
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ment 11 faut enseigner, rnais s'en trouve-t-on emp~ch6 par toutes
sortes de circonstances dtrangeres au processus d'enseignement-
apprentissage proprement dit, et qui rekvent des facteurs socio-
logiques, 6conomiques ou iddologiques auxquels n'6chappent pas
les entreprises dducatives.

Nous retrouvons IA trois themes de d~bat assez courants, pour
ne pas dire traditionnels, dans les milieux pidagogiques, trois
arguments que I'on pourrait reforinuler de la maniere suivante:
1 . Les sciences psychologiques, et en particulier la psychologie

de I'apprentissage, n'offrent nien qui soit de nature 'a 6lairer
1'enseignant sur ce qu'll a A faire. Elles sont vides, ou hors de
prop os.

2. En d~pit d'une convergence apparente de problemes rencon-
tres et des connaissances solides, en principe utilisables. de la
psychologie, psychologie et pedagogie n'ont toujours pas reussi
Sopdrer leur j onction.

3. La jonction s'est faite, au niveau th~orique. mais son actuali-
sation est tenue. en echec pour des raisons auxqxielles ni l~a
psychologie ni la p~dagogie ne peuvent rien; il est utopique
et vain de concevoir I'enseignement comme un domaine d'ap-
plication de la psychologie de I'apprentissage.
Sans doute aucune de ces trois propositions ne d~cr-it-elle

elle seule ]a r~alit6. On y trouve plut6t un peu des trois en des
proportions variables, de telle sorte quill serait plus nuance de
dire :les apports. encore tr6s fragmentaires, de la psychologie
sont partiellement integres par les enseigrnants qui maiheureuse-
ment ne peuvent pas touj ours en tirer tout le profit qu'ils vou-
draient parce que des facteurs ext~r-ieurs interf~rent avec leur
action.

II n'est cependant pas sans int~ret de partir de propositions
distinctes. maigre leur aspect canicatural. d'une part parce que
cela nous aidera A mettre de I'ordre dans notre rdflexion, d'autre
part parce que les discours sur 1'enseignement se pr~sentent
encore tr~s fr~quemment sous cette for-me.

1. FACT-IL EVACUER LA PSYCHOLOGIE
DE L'APPRENTISSAGE ?

La psychologie, et plus particuli~rement la psychologie de
F'apprentissage. s'est-elle fourvoyde, ou n'a-t-elle 61abor' a partir
de donndes ernpinques artificielles que des modeles th~onques
inutilisables dans le champ dducatif '? Si c'est le cas, ii serait non
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seulement vain de vouloir les y faire entrer, mais cc pourrait Etre
nefaste. L'argument revient souvent, qui veut que la psychologie
dtant A c6td de la question, ou dtant trap peu ddveloppde, toute
tentative pour s'en servir de guide dans l'enseignement ne peut
mener qu'A la catastrophe, et qu'il vaut mieux s'en tenir a une
pratique intuitive ancrie dans une tradition artisanale qui aurait
fait ses preuves. En poussant peine l'argument, on mettra au
compte de la psychologie les difficultds que connait aujourd'hui
l'enseignernent. Pour irritante que soit cette misc en cause pour
le psychologue, elke ne Ie dispense pas de s'interroger sur cc qui
pourrait ]a fonder.

Les psychologies de l'apprentissage se sont longtemps ddvelop-
pees dans le cadre du behaviorisme au depart de recherches exp6-
rimentales sur ['animal. L'extension I'esp~ce humaine. et plus
particuli~rement au contexte 6ducationnel, des lois degaades de
['expd rime ntation animale a suscit6 des protestations. " Sommes-
nous des rats ? >, a-t-on rdpliqud A Skinner, qui avait pousse plus
loin qu'aucun de ses predecesseurs les extrapolations du labora-
toire a la vie de la classe ou de la societe. Ceux. nombreu. , que
iznait une analyse qu'ils tenaient pour reductionniste. se sont
trouvds confortds dans leur reaction par I'dvolution des id~es en
psychologie. Au moment m~me oii s&affinaient les transpositions
de ['analyse expdrimentale du comportement aux situations prati-
ques de [edducation, le courant cognitiviste prenait le devant de
la scene. Les origines et les ramifications du cognitivisme contem-
porain ddpassent largement notre propos (Gardner, 1985).

Nous importe seulement ici la rupture catdgorique proclamde
par certaines de ses variantes par rapport A la tradition behavio-
riste. Celle-ci n&apparait pas comme une itape de 1'6volution des
sciences psychologiques, dtape normalement d~passable, et peut-
6tre ddpassde : ele est prdsent~e comrre un vdritable fourvoie-
ment, voire une erreur dpistdmologique capitale sur l'objet mnme
de la psychologie, le comportement ayant usurpd, en quelque
sorte, la place de la vie mentale ou de l'esprit tout au long de cc
que Bunge appelait la o longue et ennuveuse nuit du behavio-
risme -(Bunge, 1981). S'intdressant de pre'f~rence A des mecanis-
mes rdput~s supdrieurs - de la m~mcire, du raisonnement, de
['attention, dle la formation de concepts, etc. - le cognitivisme
se pr~sente d'emblde comme un substitut doublement acceptable
A Ia psychologie de l'apprentissage discriditde :il s'occupe dle
I'organisme humain (m~me s'i existe un important courant de
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psychologie cognitive animale [Griffin, 1981, 19851 et si, par ail-
leurs, des thdories cognitives de l'apprentissage animal ont di
proposdes [Dickinson, 1980]) et ii s'attaque A un niveau plus
proche de celui qui concerne 1' ducafiori scolaire que ne 1*6taient
les parcours de labyrinthes ou les picorages onientes des pigeons
skinndriens. Certes, nombre de recherches expirimentales,
men~es dans le cadre du cognitivisme, portent sur des phdnom&-
nes d'apprentissage et, ii ce titre, prolongent les acquisitions de
la psychologie de I'apprentissage traditionnelle. Mais les formula-
tions nouvelles qui s'en d~gagent, compar~es A ces derni~res.
d~placent singulierement I'accent de ]'interaction observable du
sujet avec le milieu dans lequel s'organisent les conduites qu'il
acquiert. vers I'diaboration interne d'objets mentaux divers. 61a-
boration donT on concede volontiers au sujet ]'initiative.

Pour les p~cdagogues globalement rdticents a s'alimenter aux
savoirs psychologiques. le destin recent des psychologies de l'ap-
prentissage (du momns tel que le represente une version radicale
du cognitivism e) offre une confirmation inesp~rde de leurs posi-
tions. Ils ne peuvent que se rejouir de s' tre eparends tout effort
d'assimilation de ces domaines que I'on vient aujourd'hui. au sein
des sciences psychologiques elles-m~mes. 5 r~cuser si brutale-
ment. L'exp~rience les confortera dans leurs positions, et ils atten-
dront dans la mnme humneur la fin inevitable du cognitivisme.
Quant 5 ceux qui limitaient leurs reticences aux psychologies de
l'apprentissage traditionnelles. ils accueilleront au contraire les
nouveaux courants avec faveur.

Si nous nous sommes quelque peu 6tendu sur cet exemple.
cest quil illustre bien un probk~me constant dlans les relations
entre psychologie et pddagogie. La psychologie ivolue, nous sem-
ble-t-il, a deux niveaux. Le premier, et cest celui qui compte
pour le ddveloppement scientifique, est celui de [accumulation
de connaissances, souvent lirnittes et ponctuelles, mais derivees
de donn~es empiriques valides connaissances qui sont exposees
a s'inscrire dans des mod~les cxplicatifs differents avec les progr~s
dle Ia recherche, dont les insuffisances et les erreurs constituent
le ferment m~me d'un d~passement perpdtuel qui int~gre pourtant
une part de ce qui le prdcclde. Cest IA Ia ddmarche classiqlue. et
distinctive. de la science. A un second niveau, le discours thdori-
que demeure. en psychologie, marqud de confrontations vdhe-
mentes, de ruptures tapageuses. cfexcommunications sans nuance
- affaire de style. de lutte de territoire. de disproportion entre
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le champ du savoir vdrifid et celui du savoir spdculatif. etc. Pour
qui se situe A F'int~rieur de la discipline et prend un peu de recul.
ii n'est pas difficile de faire la part des choses et de s'accommoder
avec amusement de ce qui se passe au second niveau, pour autant
que queique chose continue dle se passer au premier. Pour le
pedagogue qui les perqoit de l'extdrieur, les remous du second
niveau prennent plus d'importance; ii s'y fie dlans les choix qu'il
fait de son alimentation psychologique, et risque ainsi d'aligner
son action pddagogique sur les idees les plus 21 la mode (mais qui
passeront) er les plus extremes (er par W~ les plus n~fastes dlans
F'action si cules se revelent un jour erron~es).

La d~saffection pour les apports de la psychologie de l'appren-
tissage qu'a reussi a provoquer un certain discours cognitiviste
ressortissant au second niveau dolt, A cet dgard. inquieter. L'ap-
proche behavioriste avait contribue a ddfendre. en pdagogie. un
certain nombre d'exigences de nature A renouveler la rechierche

et enrichir la pratique. Ainsi de la definition pr~alable des
comportements que Fon se donne pour but d'installer - qui
sous-tend en pedagogie la definition des objectifs -: avec son
corollaire : a definition, en termes de comportement. dle perfor-
mances objectivables et non de comperences infdrees. Ainsi
encore de l'attention systemarique aux comportements de l'orga-
nisme qui apprend en cours d'apprentissage (opposd la seule
prise en compte d'un dtat initial et d'un dtat final) de ['importance
reconnue aux consdquences du comportement dans la misc en
place des apprentissages (que ]'on trouve implicitement la base
des recherches sur ['enseignant comme source de feedback et
renforcements de natures diverses). Ainsi encore dle la fragmen-
tation ralsonnide des conduites complexes construire en foniction
d'une logique des apprentissages du sujet plut6t que d'une logique
de la mati~re (ddmarche qui avait guidd Skinner dlans ses travaux
de pionnier sur l'apprentissage programmd, 6t toujours prdsente.
en son principe, dans les recherches actuelles sur l'enseignement
assist6 par ordinateur).

Tous ces efforts figoureux pour ddcrire les comportements
reels de I'dlkve. pour ddcrire dle m~me ceux de I'enseignant, pour
caractdriser leurs interactions, pour cerner le rdseau rdciproque
de consequences positives et n~gatives, pour 6valuer, par ref -
rence A des objectifs pr~cis, I' tat final atteint. sa stabilit6 dlans
le temps, sa , gendralisabilitd -, etc.. tous ces efforts auxquels.
rappelons-le au passage. Gilbert De Landsheere et ses 61 ves ont
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bri~arnment et obstindment contribu6, il serait absurde d'y renoncer,
d'en oublier It fruit parce qu'un autre isme a vu It jour. Que Ie
cognitivisme ait, de son c6tt, des apports i faire A la pidagogie,
cela est hors de doute. Mais il n'y a pas lieu, pour autant, de se
d~bar-asser de tout ce que plus d'un demi-si~cle de psychologie de
l'apprentissage, de Thorrdike A Skinner, avait apporte A l'6ducation.
La raison de cette tentation, Hi faut y 6tre attentif, tient A ce que,
sous Ie couvert du cognitivisme. retour peut Etre fait vers une confor-
table rdhabibitation de Pesprit avec son double avantage pour le
pedagogue :le mentalisme, qui Ie dispense d'analyser les conduiles
pour invoquer des explications internies, et la restitution A I'6l ve
de la responsabilitd dle son apprentissage - non au sens o z le sujet
de Skinner apprend en fonction des consdquences de ses actes. mais
ou lapprentissage depend d'une dlaboration interne par les mdcanis-
mes du traitement de l'information que l'enseignant peut fournir en
nourrure. en input. mais quil ne peut vraiment contr6ler.

Dans cc contexte, on ne peut manquer d'Etre frapp de voir
resurgir. dlans le langage beaucoup plus sophistiqud du cognitt-
visme. les vieux d~bats sur l'unit ou la fragmentation de l'esprit.
qui opposent les partisans dii general problem solver (Newell et
Simon, 1972) a ceux de la ", modularitd >, (Fodor. 1983) comme
on se querellait jadis sur Ie facteur g et comrne on n'a jamais
totalement cesse de se quereller. dans les dcoles. sur les vertus
forrnatnces du latin ou, plus r~cemnment, des mathematiques.

En bref. il ne s'agit pas dle flier Uintdr~t des travaux du cogni-
tivisme actuel. Ius constituent sans doute pour les pedagogues une
source dinformations exploitable. et rien n'exclut qu'ils aboutis-
sent A l'dlucidation des m~canismes du fonctionnement mental,
peut- tre moins rapidement que ne Ie proclament ceux qui s'y
sont engages. Que nous soyons d~sormais A un niveau de profon-
deur d'analyse indgald ne justifie pas que lVon evacue les acquis
ant~rieurs dont. jusqu'A nouvel ordre, la portde pratique demeure
d~cisive. Les m~decins nWont pas, dans leur enthousiasme POUr Ia
biologic moleculaire, renoncd A se laver soigneusement les mains
avant une opdration. Nous suggdrons que Ies pidagogues ne
renoncent pas A analyser les comportements des eleves et des
enseignants en termes de relation entre conduites et consdquen-
ces, de stimulus discriminatifs, de6venements positifs et aversifs.
de renforcements. etc. mdme si un discours plus dsot~rique se
r~vele aujourdhui plus adaptd A certains aspects de ce qui se
passe dans la tate des 61 ves et des maitres.
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Que le courant cognitiviste nWait pas, jusqu'ici, proposd de concep-
tion claire des apprentissages peut donner lieu A d~bat entre
spdcialistes. Ce qui, d'un point de vue pratique, apparait ivident,
c'est le clivage trs marqud entre la sphere sti-ictement cognitive,
nettement privildgide, et les autres domaines du fonictionnement
psychologique, auxquels renvojent, en gros, les termes affectif et
motivatonnel (Le Ny, 1982 ; Richelle, 1987). Alors que la rdalitd
~ducationnelle, comme la rdalitd clinique, font A tout moment
apparaitre leur interddpendance, leur indissociabilit6, la perspec-
tive cognitive consacre implicitement et explicitement la dissocia-
tion. On retrouve ici une-nouvelle juxtaposition des approches
qui tout au long de l'histoire des rapports entre psychologie et
pedagogie a rendu difficile l'intdgration par des p~dagogues des
apports de la psychologie.

2. APPRENTISSAGE ET DEVELOPPEMENT

Nous en venons ainsi ]a seconde des trois propositions dont
nous sommes parti et nous nous arrdtons un instant aux raisons
qui font obstacle k la misc A profit des savoirs psychologiques en
p~dagogie. Les branches de la psychologie que leur objet d~signe
le plus naturellement comme les ref~rences obligees pour l'ensei-
gnement sont la psychologie de IFapprentissage d'une part. la
psychologie du ddveloppement de I'autre. L'une comme I'autre
se presentent comme des domaines anciens. tr6s dvelopp~s,
riches aussi bien de donn~es empinques que de mod~les theori-
ques de la psychologie scientifique. L une comme F'autre affirment
depuis leurs origines leur utilitd potentielle dans I'dducation.
Neanmoins, pour le grand ddsarroi des dducateurs, cules ont che-
mine sur des vojes paralI~es et n'ont pas, jusqu'ici. v~ritablement
reussi A se rejoindre. Les raisons sans doute en sont historiques.
La psychologie de l'apprentissage, nde aux Etats-Unis, a fourni
pendant plus d'un demi-si~cle ses assises au behaviorisrne ; elle
a privildgid la recherche sur l'animal, par commodit6 technique
plus que par prdoccupation comparative, avec l'ambition ou la
pr~tention constante d'6aborer une psychologie gdn~rale de IVap-
prentissage. La psychologie du d~veloppement a des racines essen-
tiellement europe'ennes, a constitu6 ses savoirs empin .ques A partir
de recherches sur lenfant humain, et malgrd la diversite des theo-
nies qui ont vu le jour, est demeur~e domin~e par des conceptions
theonques qui voient dans I'ontopen~se Ie d~roulement d'un pro-
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gramme dpigdnetique se traduisant par un enchainement de stades
(Richelle, 1982).

Paradoxalement, la probldmatique dpig~n~tique n'a gu~re
int~resse les psychalogues de l'apprentissage. non plus que les
psycholagues du ddveloppement ne se sont interesses aux mdca-
nismes d'apprentissage. L'ignarance mutuelle ou se sant tenus
Piage et Skinner offre de cet dtat de chases [illustration la plus
surprenante pour quicanque s'interroge sur I'unit6 de la psycho.
logie (Richelle, 1976). Mais on en trauverait de multiples indices

des niveaux mains prestigicux. Ainsi, sur un quani de si~cle de
publications, une revue spdcialis~e dans la perspective skinn6-
nienne ne comparte aucun article centralement au marginalement
consacr6 a ['aspect d6velappemental. En depit dle cei-tains rappro-
chements amorces depuis une douzaine d'annees. 11 nexiste pas
de theone vdritablement integrde du developpement et dle l'ap-
prentissage (ce qui s'en rapprache le plus se situe dans le champ
tres specialis6 de [aontagenese animale). Or. an paurrait penser
que ]a phase dle croissance o6 se realisent tant d'acquisitions
comportementales nauvelles doit attirer I'attention des specialistes
dle l'apprentissage. comme ies m~canismes d'apprentissage
devraient presenter un inter&t pour les specialistes du developpe-
ment. Quelles que soient les Justifications que le psychalogue veut
se donner pour les tenir separ~s. apprentissage et ddvelappement
s'imposent simultanement et canjointement A [enseignant. La
realite educationnelle ne souffre pas quaon les dissacie. Quc peut
['6ducateur qui reqoit deux messages distincts. et souvent d'ail-
leurs contradictoires, sinon ouvertement hostiles ['un l [a2Utre '
11 W'est pas raisonnable dle Iui demander d'entreprendre les synthe-
ses que les psychalagues n'ont pas dt capables dle lui affnr. 11
peut n~anmoins Jauer un r6le important pour acculer ces derniers
Ss'en preaccuper sdrieusement.

S'ils ant pu s'en ddsintiresser si superbement. c'est sans doute
faute de s'6tre laissds interroger, entre autres. par la rdalit6 sco-
laire. Le projet dle la psycholagi' e diveloppemnentale, plus particu-
lierement dans la ligne &'un Piag9et, a t de ddcz-ire et de campren-
dre Ihistoire naturelle du developpement, non de procurer A
l'dcole des prescriptions didlactiques. si ce W'est par la r~petition
de la r~gle gdn~rale scion laquelle il nWest jamais inutile de bien
connaitre le niveau de Fdl~ve pour lui prodiguer uri enseignement
adzpte. Dans la perspective piag~tienne classique. 1'6cole ne peut
guere jouer d'autre r6le quc de faurnir des contenus a des capa-
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cites operatoires qul se developpent de toute tagon fort bien sans
elle, si Von en juge par l'universalitd des etapes du developpement
cognitif. Les differences massives du contexte culture! peuvent
eventuellement entrainer des ddcalages chronologiques, non des
bouleversements sequentiels, mais 11 tie faut pas attacher trop
d'importance aux variations somme toute mineures que pour-
raient entrainer le milieu particulier au sein d'une culture donnee,
et par consequent. les particularitts de 1'enseignement. On sait
le temps qu'il a fallu avant que simposent A quciques chercheurs
piagdtiens. bien apr~s les rares 6tudes inter-culturelles, les recher-
ches comparatives en milieux socio-6conomiques varies. Quant
aux recherches sur les facteurs lids aux modalites d'intervention
de Fenseignant. elkes sont encore rares (Crahay. 1984). Dans la
perspective de la formation des enseignants et de I'exploitation
qu'ils peuvent apprendre A faire de toutes les richesses de la
psychologie developpementale, elles prdsentent en pnincipe un
interdt considerable. Mais elles ne fireront toute leur portee que
d'une fusion avec les etudes qui prolongent par ailleurs les proble-
matiques de la psychologie de I' apprentissage. Nous v reviendrons
donc apr~s avoir formule quelques remarques sur ces dernieres.

3. ELOGE DE LA VARIABILITE

Si ia psychologie developpementale a pu faire peu de cas de
la fonction ddliber~ment instructrice ,' de 1'enseignant -un peu
comme [' thologiste prdte peu dattention aux performances des
animaux obtenues par domestication et dressage - la psychologie
de Vapprentissage devrait, quant a elle. debaucher immanquable-
ment sur des caractdrisations claires des conduites souhaitees chez
le bon enseignant. Or cela n'a generalement pas et6 le cas. Et
pour comprendre pourquoi, il nous faut A nouveau faire ici un
retour en arriere dans Chistoire de la psychologle. Ourre quils
prirent souvent le parti de travailler sur [animal. les sp~cialistes
de lapprentissage. en bons exp6 rme ntateurs qu'ils etaient, se
sont attaches A analyser les acquisitions dans des situations rizou-
reusement contr6lees. Cela veut dire que les variables indepen-
dantes dont ils ant cherche A cerner I'effet sur lacquisition ant
etd choisies pour pertnettre ou faciliter leur contrc~le. A cet egard.
i1 va de soi que des variables purement physiques sont pr~fdrables
A des variables sociales -.ii est ais6 de leur donner des valeurs
constantes. ou de les manipuler sans laisser Ia moindre marge de
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fluctuation. La structure d'un labyrinthe, )a nature et I'intensit
de stimuli discriminatifs intervenant dans un conditionnement, ]a
force exigee par le levier r~ponse, les param~tres d~finissant un
programme dle renforcement, sont plus nets et plus rassuranhs que
les caractdristiques fluctuantes d un partenaire social. Cest la
raison pour laquelle les recherches sur I'apprentissage vicariant
ou imitatif et sur la facilitation sociale de l'apprentissage chez
['animal sont demneuries marginales et se rivtlent, encore
aujourd'hui. pleines dle pi~ges. Le pedagogue qui jette son regard
sur la psychologie de I apprentissage n'y trouvera donc pas grand-
chose sur les condluites de lenseignant, qui representent pourtant
une portion importante des conditions qui president aux appren-
tissag~es scolaires. 11 a fallu attendre les theories dle l'apprentissage
social (Bandura. 1976) pour que soit prise en compte, avec l'im-
portance qui convient, la part que tiennent les partenaires sociaux.

Encore a-t-on souvent ambitiornd de transposer sur l'ensei-
gnani Yinvanance des facteurs physiques analyses en laboratoire.
Cette invariance paraissait simplement dictde par les exigences
expenimentales. En r~alite, elie ressortissait plus profondement
au parTi-pnis de mettre [accent. dans l'dtude de l'apprentissage.
sur les rdgularitds les plus immediatement difinissables. Cest ce
que traduisaient bien les premieres tentatives d'enseignement pro-
gramme proposdes par Skinner. La machine A enseigner dtait
destinde. entre autres, pallier par sa constance de fonctionne-
ment les variations et Fimprdv'isibilitd inherentes aux comporte-
ments des rnaitres. Les conduites des dlkves. de leur c6td, devaient
s*,, construire en correspondlance 6troite avec la rigueur du pro-
gramme. 21 la limite Sans erreurs (Richelle, 1966). II y avait la
une r~plique fiddle de l'assirnilation qui fit faite si frequemnment
entre apprentissage/conditionnement d'une part, stirdotypielrigi-
dite des conduites d'autre part. 11 ne faut pas s'dtonner qu'elle
alt soulevd. ii y a une trentaine d'arndes, une opposition quasi
unanime dans les milieux scolires. L'idde de la machine A ensei-
gner aurait probablement rejoint Ie musde des petites inventions
curieuses si ne l'avait relancde. presque aussit6t, et A un autre
echelon d'efficacitd, l'entree en scfne de l'ordinateur. Derri&e
le refus de , conditionner .les elkves, si souvent et ouvertement
prociamd. et la reticence, fort comprehensible. A remplacer le
maitre, il v avait. momns explicite, une autre reaction de la part
des enseignants :cette machine. qui se substituait A eux. faisait.
pretendait-on. mieux qufeux. dlans sa programmation uniforne*c'est donc quils ne faisaient pas bien. que s'ils dev aient s'amen-
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der, ce devait Etre en ressemblant aux machines, donc en se
conduisant comme cules de fagon plus uniforme. Ce qui dtait en
peril, c' tait la diversitd, la variation - d'un moment A l'autre
chez un me~me maitre, d'un maitre A l'autre - bref, tout ce qui
fait, aux yeux d'une tradition qui se nomrne volontiers humaniste,
l'irrdductible individualitd. Le m~me motif rend compte de la
resistance aux recherches ob'ectives sur les comportements dle
l'enseignant en classe :si l'on entreprend dle les observer, puis
de les ddcrire, c'est avec 'arriere-pensde de les changer. et sans
doute dans le sens d'un alignement sur un mod~e homog~ne
(tableau qui se complique encore Iorsque la recherche d~voile,
en place de la richesse crdatrice que l'on prdtend prdserver, une
pauvretd dle moyens dont la rdpdtition stdrdotypde n'a m~me pas
['excuse de ['efficacit6).

Le probI~me doit tre reposd, aujourd'hui, en terrnes nou-
veaux, qui pr~sentent le double int&r&t de faire droit A l'intuition
des defenseurs de la diversitd et de dddramatiser la mise en ques-
tion. toujours difficile, dle l'enseignant. Nous rev iendrons daris un
moment aux conduites de ce dernier, mais il nous faut. aupara-
vant. pour situer le problkme dans sa perspective th~orique g~nd-
rale. nous tourner vers le sujet qui apprend.

L'apprentissagc correspond A la mise en place de conduites
dont les corisdquences se r~velent positives (utiles, , adaptati-
yes ,') pour le sujet. Contrairement A une conception empiriste A
laquelle on assimile souvent A tort la psychologie de l'apprentissa-
ge, le milieu n'est pas crdateur ou producteur de condluites :il
fournit le contexte dans lequel elles apparaissent, et les conditions
qui op~rent le tri, la selection. Pour que cc tri ait lieu. il faut
qu'il y ait quelque chose A trier. Tout apprentissage pr~sur-pose
donc des variations. Le mod~le le plus suggestif pour rendre
compte des apprentissages individuels est ainsi un mod~le analo-
giquc qui nous renvoic au type de m~canisme A I'ceuvre dans l'dvo-
lution biologique, ou l'action stlective du milieu s'exercc sur les
variations qu'offre le matdriau gindtique A l'dchelle des populations.
L'analyse des caractiristiques du milieu susceptibles d'opdrer le
tri devrait donc se compldter, ou micux devrait 6tre precdcde,
d'une analyse des variations et dle leurs sources. Or cette derniere
a ete presque complktement nigligde par les spdcialistes de P'ap-
prentissage. Les raisons dle cette nigligence sont multiples. et leur
examen nous entrainerait dans des details d'histoire de Ia disci-
pline qui nWont pas leur place ici. Qu'il suffise d'dvoquer les pro-
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gras des techniques de laboratoire, qui favoris~ent l'ttude systd&
matique des effets sur le comportement dle conditions dle milieu
complexes et nigoureusement d&finies; la tendlance toujours pre-
sente en psychologie A ttablir d'abord la soliditi scientifique IA
oU it est le plus commode d'en faire la demonstration, face A la
difficultd pratique et theorique de traiter des variations pour elles-
m~mes. 11 ne faut pas minimiser cette dlerniere difficulte. Les
variations, qu'elles solent intra-individuelles ou inter-individuel-
les, ont gdndralement dt envisagees par la psychologie scientifi
que comme sous-produit dle I'imper-fection des conditions dle
recherche, qu'il convient soit d'dliminer, par des contr6les tou-
jours plus rigoureux. soit de neutraliser, par la multiplication des
mesures (avec 1'espoir que si les variations surviennent aldatoire-
ment en sens divers. elles s'annuleront r~ciproquement, la valeur
centrale pouvant tre retenue comme temoignant du phdnom~ne
6tudi6) 11 nest gu~re. pour avoir pris les variations pour consti-
tutives du reel et objet sp~cifique d'dtude, que la psychologie
differentielle (pour ce qui est des variations inte r- individue tes)
et. pour ce qui concerne les variations intra-individluelles, Ia psy-
chologie deve loppe men tale , cycle dle vie (life span) r~cente.

L'6tude des variations intra-individluelles demneure marginale
et timide dlans les secteurs sp~cialisds de Ia psychologie de I'ap-
prentissage oO il semblerait qu'elle doive tenir Ia premiere place.
Queiques chercheurs isolds y on t port6 attention au cours des
quelque trente derni&res annees et quelques rares 6quipes se sont.
plus r~cemment, atteldes a la t~che. Tiche rendue possible, sur
le plan technique, par l'dvolution des outils de contr6le en temps
reel des situations exp~rimentales, d'enregistrement et de traite-
ment des donn~es (le micro-ordinateur permet d'aborder concr -
terrent des problkmes que les dispositifs automatiss de la gene-
ration pr~cddente ne pouvaient maitriser). Tiche encourage par
ailleurs, au plan th~orique, par la convergence de formulations.
dlans des disciplines tr~s dliverses, de la gdrnetique (oii la nature
des mutations constitue une cible de recherche centrale) A la
neurologie (que V'on songe A la theorie dle Ia stabilisation selective
d'un Changeux) et jusqu'A la physico-chimie (voir les conceptions
propagdes, avec la fkcondit6 que l'on sait, par Prigogine).

Pour nous en tenir, plus modestement, au domaine de la
psvchologie et A des champs voisins de Ia psychologie de l'appren-
tissage. on ne peut manquer de signaler Ia parent6 dle probldma-
tiques entre une psychologie de F'apprentissage qui fasse une place
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de choix au theme des variations comportementales et diverses
autres approches. Signalons en premier lieu I'idde ddvelopp~e par
Lorenz (un Lorenz qui a singulitrement dvolud, en un quart de
slecle. quant A ses vues sur l'apprentissage chez ['animal) despeces
A programme d'apprentissage plus ou momns - ouvert l 'espee
A programme ouvert jouirait d'une palette plus riche de potentia-
Iitds comportementales, toujours inscrite, cela va sans dire, dans
les limites de contraintes specifiques incontournables. Retenons.
pour nous en resservir plus loin, ['explication fournie par Lorenz
de cette diffdrence entre esp~ces quant A Fouverture de leur pro-
gramme d'apprentissage :les esp~ces A programme fermd auraient
evolue dans une niche 6cologique particuli~rement stable, aux
conditions homog~nes, les esp~ces A programme ouvert au con-
traire auraient dvolud dans des milieux instables et diversifies.
Cette flexibilitd mise en place A travers [e6volution biologique
devient 2i son tour facteur de survie dans des milieux se transtor-
mant de faqon inddite. L'esp~ce humaine est, A cet 6gard. privi-
l~gi~e (avec des risques non n~gligeables d*Etre victime de sa
c-apacir A se forger de nouveaux milieux) comrne. A un autre
niveau, le rat (que Lorenz oppose. a titre d'exemple. au cheval).

La dialectique du d~veloppernent proposde par Piaget. et par-
ticulierement diaborde dans la derni~re phase de sa carri~re, fait
elle aussi, avec [a notion de ddsdquilibration. une place centrale
aux variations, variations novatnices A l 'cuvre dTun bout A
['autre du vivant, , du plan dl~mentaire des mutations au plan
supenieur des thdories scientifiques , (Piaget. 1974 ;voir A ce
sujet Richelle, 1976).

D'un troisitme c6t6. la psychologie de ['apprentissage rejoint
ici I'drude des comportements exploratoires, comme celle des
conduites ludiques. qui manifestent, les unes comme les autres.
la tendance des syst~mes vivants A entretenir A un certain niveau
des activitds dont la foniction n'apparait pas immddiatement.

Variations intra-individuelles et surtout inter-individuelles se
sont dgalement impos~es A ceux qui ont dtudid dans le detail les
conduites de solution de probl~me. Les strategies auxquelles les
sujets ont recours vanient selon le problkme abordd et, tr~s large-
ment. selon les sujets. L'origine de cette diversit6 est loin cl'tre
61ucidee. Qu'elle rel~ve pour une part de dispositions (tinndes
ou ,constitutionnelIles ,. pour une autre part de l'histoire du
su~et. n'enleve ien a son importance pour l'educateur. qu'il
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s'adresse directement 5 une classe ou qu'il mette au point un
dlidacticiel, puisqu'il lui faudra porter son attention, plut6t qu*A
une logique de ]a mati~re, 5 une Iogique non du sujet mais des
sujets.

Nous pouirions poursuivre la liste des domaines de la psycho-
logie contemporaine oii l'on en est venu a s'intdresser aux varia-
tions pour elles-m~mes. Les exemples 6voquds suffisent A indiquer
I'dargissement que cette perspective implique pour la psychologie
dle F'apprentissage, avec la consdquence importante pour les ensei-
gnants qu'ii ny a plus de justification a la tenir pour dissociee dle
la psychologie de I'intelfigence, du d~veioppement, de ]a creativi,-
te, etc.

Mais ii nous faut revenir present a lautre volet de la situation
d'enseignement. A 1'enseignant. dont nous disions plus haut qu'il
avait Pu craindre de voir dtudies ses comportements en classe
dlans le seul but de les modeler ensuite selon une norme ripide,
de Iui donner dans la situation scolaire une fonction aussi rigou-
reusement d~finie que celle des variables inddpendantes d'une
experience d'apprenrissage en laboratoire. Si, du c6t6 du sujet
qui apprend. les variations apparaissent comme essentielles A la
dynamique des acquisitions, si. en d&autres mots, cultiver les
potentialit~s d'apprentissage d'un organisme suppose que l'on pre-
serve son registre de variations comportementales (voire qu'on
I'diargisse), il devient dvident que du c6td de celui qui enseigne.
on ne peut rechercher f'uniformitd. Elie serait en effet aoinnmi-
que a Fentretien de la variabilit6 chez I'dleve. Nous reportant A
la relation que Lorenz indliquait entre invariance du milieu et
programme fermd au cours de la phylogen~se. on pourrait sugge-
rer que la variabilitd comportementale chez le sujet qui apprend
a pour condition la variabilitd dans les conduites de 1Fenm.:gflafl.
dlans la mesure obi cc dernier represente une part essentielle du
milieu destine A installer des apprentissages. Cette prescription
d~place radicalement l'accent dans l'dtude des compontements
des maitres :on ne s y fixera pas a en 6N 2uei l'etficacit6 ponctuel-
Ie, par rapport A des objectifs limit~s, mais on visera A en carac-
tdriser la portde en tant qu'inducteurs de variations utiles aux
apprentissages des 616ves. Cette perspective pr~sente l'avantage
de n'impliquer aucune notion de o comportement iddaI chez le
maitre qui se pr~te A une 6tude de ses propres conduites. II n'y
a pas dle ' mod~le normatif , A substituer aux imperfections cons-
tatees, mais piut6t recherche de I'apport personnel A la dvnamnique
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des variations, et 6ventuellement recherche des moyens de l'am-
plifier.

A un plan plus gdn~ral, les querelles de m~thodes qui ont
jalonn6, comme autant de fldaux, I'histoire de l'enseignement,
perdent de ]cur signification, rien n'excluaiit que plusieurs mdtho-
des coexistent, non seulement pour rdpondre aux diversitds mndi-
viduelles, mais pour favoniser chez chaque 61kve la capacit6 de
s'ajuster A la diversitd des sollicitations du milieu.

Ce programme esquiss6, ii reste A s'inherroger sur les ddmar-
ches d mettre en ceuvre pour, dans un premier temps, analyser
sous I'angle de la variabiitd les comportements de lenseignant.
puis. dans un second t-mps. ddfinir la variabilit6 que I'on tiendrait
pour .souhaitable dans un projet p~dagogique. Sur cc dernier
point, une remarque s'impose :reconnaitre [importance de la
-ariabilit n'entraine pas que la situation id~ale, pour provoquer
des apprentissages. soit celle ou le sujet serait confrontd a des
variations purement al~atoircs. Tout apprentissage est organisa-
tion, et suppose une coherence dans la structuration du milieu.
A ce titre, les variations s'inscriront A I'interieur de certaines
marges. On sera naturellement amend. pour prdciser ces derni -
res. a s'interroger sur les rapports entre variat~on d'une part et
definition des objectifs et des movens de les atteindre d'autre
part, une question qui ne reI~ve pas momns de la philosophie de
1'6ducation que de ['analyse scientifique.

Dans une perspective de recherche. c'est Ie premier point.
I'anialyse de Ia variabilite chez l'enseignant. qui doit retenir
d'abord [attention.

L'observation. directe ou diffdrde, demneurant la seule
mdthode utilisable, il va de soi qu'elle devra porter simultandment
sur un grand nombre de cat~gories de conduites et de param~tres,
qu'il faudra traiter ensuice A I'aide de mod~les propres A faire
ressortir les caractdn'stiques dynamniques des variations. Un exem-
ple 616mentaire fera saisir le changement de niveau de ['analyse.
Dans les premi&es dtudes sur les comportements des enseignants.
on estimait d~j~i prdcieux (et ce ['dtait en effet) de relever Ia
frdquence de telle cat~gorie de comportements [par exemple. les
fonictions d'organisation, d'imposition. de d~veloppemnent, etc.
utilisees jadis par De Landsheere et Bayer (1969)]. Si [on s'intd-
resse acerner la variabilitd, [a fr~quence d'un comportement d
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elie seule rilapporte pas grand-chose ; ii faut la caractdriser dans
ses relations avec la frdquence des comportements alternatifs
(dans les deux registres du verbal et du non verbal) et en tenant
compte de la dimension temporelle (ce qui appelle une analyse
dle type sequentiel) il1 faudrait aussi la rapporter aux particulari-
tds indlividluelles des dlkves. A la spdcificitd des contextes (type de
mati~re enseignde, fox-me dle leqon, etc.).

La complexit6 de l'entreprise aurait de quoi faire reculer.
Neanimoins, les progr6s rdalisds dlans d'autres secteurs, quant au
traitement des phdnomenes dle complexitd comparable. incitent a
s'enpa~er dlans cette direction. II Ny faudra quelqlues moyens, et
nous retombons dans la troisi~me des hypotheses formul~es a
notre point de depart Ce type de cdmarche n'est pas de celles
que I'on improvise. ni qui ait quelques chances d'aboutir a court
terme. Elie pourrait cependant tre. au-dela de l'occasion d'une
meilleure integration des savoirs psychologiques et des savoir-faire
pedlagoaiques, la condition d'un dlpassement des oscillations
entre extremnes dans la perp~tuelle et sterile querelle des -an-
ciens ,et des -modernes ,qui agite le monde dle 1V6ducation.
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VARWBILITP COMPORTEMENTALE

ET CONDITIONNEMENT OPIRAKT CHEZ L'ANtMAL

par Bruno BOULAN4CEnt', Anne-MichfIe IKcrOs,

Martine LAAz, Armando MACHADO 
et Marc RICKELLE'

SUM.11AR Y: Behavioral variability and operant conditioning in antmaLs.

The purpose of this critical review of current knowledge in the field
of animal behavioral variability within operant conditioning settings, is
to pave the way of fujure research. The present review is organized around
two main lines . 1) the influence of several variables on the spontaneous
vartability of the operant response and 2) the selective reinforcement of
operant response variability. It is concluded that variation mechanisms
hav'e been studied much less than selection mechanisms (even if these
mechanisms are complementary in theories of learning). Some results
lead us to consider behavio.al variability as an inherent dimen.sion of
behavior, sensitive to contingencies of reinforcement, just like any other
dimension (e g. response force or duration).

Key words : behavioral variability, operant conditicning, animal
behavior.

La psychologie de iapprentissage chez I'animal apparalt, comme le
notait Gruber (1976), plus pr~occupLe de repetition des comportemenLs
acquis que de leur acquisition elle.m~me. Ainsi, I'activit6 operante est
generalpment apprthende i trav;rs la reproduction strtotypie d'une
unite motrice 6l-mpntaire, attestant le contr6le exerc par les contin.
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gences de renforcement. Le terme de conditionnement en a pris, non
seulement dans le grand public, mais parmi Ics psychologues non spe.
cialis~s en la mati~re, une connotation particulitre :it s'y attache une
notion de passivitO du sujet soumis ti des contraintes qui rendent sa
conduite rigide. Contrairement aux activitts de rtsolution de probleme,
o6 le sujct mettrait en ceuvre sos v~ritables capacit~s adaptatives - ou,
chez Fhomme, aux activit~s crtatives - le condlitionnement passe pour
un mtcanisme qui, loin deservirl'adaptation du sujet, irait &son encontre,
du momns d~s que P'on di~passe le niveau du comportement Wrs simple et
le cadre particulier d'une situation exp~rimentale tr~s artificielle.

Cette repr~sentation du conditionnoment est discutable, A double
titre, car, d'une part, s'agissant d'un mncanisme d'apprentissage, on
s Iattendrait A ce que l'accent soit mis sur Ic changement, pluti~t quc sur
Id stabilisation des conduites, et d'autre part, on comprendrait tinal, dans
le cadre liabituel do 1'explication biologique, comment se serait mis en
place un processus de mudification des condluites de quolquc importance
et de quelque universalit6 qui no soit, en r~gle g~ni~ralo, au servite de
Iadaptation rlle ne s'accorde pas avec les formulutions theoriqluos qi
tentent de cerner les caract~res dynarniques du mtecardine de conidition-
nement. Ctes formulations ont rccoiirs a mne analogit avec le m~canisme
qui, ai une autrc echilo(-. ccliecl do'evolution des esp~ces, rend compte 11i
aiissi do transformations et d'emergencos de formes nouvolles (voir
Skinner (1966) I Plotkin (198'-) flRichelle (1983)) On sait que, dans le
sillage do Darwin, la Liologte rQconijait daiis lNvolutioii dui vivanti Ie
fruit de la pression sele'ctive du miilieu s'exerqant sur lo materiel gene-
tique. La pression s~ctive tie creant rien, mais se bornant a trier, les
formes nouvelles dlpendcnt des variations du materiel gen~tique - varia-
tions dues aux mutations ou resultant de )a rocombiiiaisun des g~nes au
sein des populations. Umie th~orie des changememits biologiques sc doit
done d'aborder ces varitions, d'en corner la nature et los sources, non
momns que do pr~ciser les processus de Lin inipliques dans la roncontre de
l'esp~ce avec sa niche ocologique. Le modtle dLm l'evolmion biulogiclue,
appliquit au developpemnent des conduites de I'indivmdlu, tiemit, fautmI1 le
rappeler, une place contralo daiis )a th~urie constructiviste de Piagot

(t96-7). Dans un antre contexte, Popper (1973) l'a explicitemerit utilise
pour rendre Lompte do l'~volutiomi des connaissamices. On le retrouvo

encore dans la themre de la stahilisation selective propos~e par Chan-
geux (1983) a propos do l'epigoii~se des connexions netronales dlont on

peut penser qii elles renvojenit, sur lo plan de's conduites, aux jeux conju-
gu~s du d~veloppeinent et de l'apprentissago.

Si I'analugie, appliqu~e au conditionnemeiit, a quclquc valcur, no

serait-ce qu'au niveau m~taphorique, la psychologie de I'approntissage
devrait attacher tine attention aiissi grande aii volet variation qlii'ait
volet s Icction du processmis de conditionnement. Or pour dv0 , riins
que I'on troiivcra discut~es amlleiirs, (voin Richelle, 1983), I'ctmide des
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variationis a tic largement negligee au profit dc celle des contraintes s~lec-
Lives Si, au pla:i theorique, piusiciirs autetirs ont attire I'attention sur
l'iniporlaiwce des variations (Skinner, 1966;, Staddoii etSimmeiiiag, 1971 ),
I'analybe cxp~rimciitalc nWa gutre suivi. Quelques rcchcrches pourtant
font exceptioni, qui attestcnt qu'aucuii obstacle technique ne s'oppose a
ce que It probl~me soit abord6 ct quc quelques chercheurs en ont per~u
la portee Lheorique Elies m~ritent d'ete syntlittises et discut~es, dans
It double but dle susciter uii iiit~r~t pour une probl~matique qui recouvre.
a nus yeux, ia moitik a peie explorce du territoire de I'appre ntis&sage, et
de repenser cette derni~re dans une thtorie int~gr5e oU les activit~s de
resolutioin de probikme, les productions crtatives et l'activil.6 explora-
Loire napparaissent plus comine distinctes voire opposkes aux mncanismes
d'appreiitissage mais s'y articulant titroitement.

La revue qiii suit se limite aux tiavaux portant sur Ics reponses opt-
raiites cliez l'amimal. 11 s'agit la d'une restriction dthibre du domaine
tiidie, que jIistifient d'une part les qualites de rigucur et d'Nlaboration

des experiences sur i'ariimal, par rapport aux rccherches comparablfe5
sur I'viifaiit ou I'adult liurnaiin, d'autre part le souci de montrer que
lI'r.Lre't des variations concciiie deja clairement les apprentissages 616*
rrntairt6 cz l'aniiial et n'djtteiid pas que l'on attuigne des niveaux
stipcricurb de coniplexit des conduitcb

Les reclerclies preseiitees sout orgaiiises aiiiour dle deux questions.

I ;(QuJ~s va: jatons preseiite, dans les marges autorisees par la
dJ litioi que l'cxperimciitatcur en a tlioISIC, la ir~ponsc cjp~rantc, en
foi~tion d- divers facteurs, contingvices de renforcement, histoire du
stijet, ck Nus parleronis a ce propos de variabilitt spontanee en ce
Sf'ns qiiiIl k rcvt pas tine condition rucquise pour l'obtention du renfor-

2E ,t il possible de rcoifurcer s~lectivemerit les variations d'unie
re'l 11ISt Luprartte au m~nie titre qtie tout aiitre aspect, force, localisationi,
arrphtudt, duree, etc ? 16i la variabilite est requise

La premere question n'est pas sans rapport avec tin problkme soulev6
[jar Skinner dans son article tlieoriquc classiqiic (Skinner. 1935) ou la
notion de rclponse operante ktait definic comme tine classe dont les mem-
bres - des reponses r~element produites et enregistrees - pouvaient
varier pour auitant. qu'elles r~pondent aii crit~re d~finissant la classe
Ainisi, l'appui sur un levier entralne Ie renforcement si la force exer(.6e
atteint une valeur minimale , au-dela de cc minimum, la force peut
varier, comme peut varier d'autre part la diir~e, qui nWa pas tt sp~ci-
fiee dans la definitLion de )a r~ponse efficace.

On traitera d'abord les r~ponses op~rantes simples, pour examiner
ensuite Its iriponscs complexes, qui nois rapprochent des t~chcs de r~so-
lutioii de prohl~rme.
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A - VARIABILIlT8 SPONTANL'E

I / Rtr'o,ESs OPLiIANTES 'IIiPL-Li

C'est 5 Antonitis (1951) (jue I'on doit la premitre recherche sur la
variabilite do Ii rvponse ojierante. La reponse dans cette &tudo pouvait
varier quant a sii lucalisatioi - tiitroduction du milseau du rat en uu
point d'une fente liorizontaic do 50 cmn. Dans dub situations dites dc rvn-
rorcoment con tinti (LiiF : haqiie rljonse est riforcee), la variabji ite,
Loitsiderable en d~but d'approntissage, diminiue progicssivemcznt pur

faire Place, au fit des sozles, a tn Lolnportonkont plus stereoltype. Ellk
se manifesto a~ nouiveau ten situation d'extinction Eckerman et Lanson
(1969), dans tine recherche comparable, pr~sentent Ll lturs pigeons utie

cle-reponse longue de .0 cm, subdivis~o en 10 zones [is confirnicrit fcs
resultats d'Antonitis, commc le font d'autres autours qui ont etudie la
variabilitc a propos d'autres dimnensio~ns do [a rcponsc, telles que la diroee
(Millensoii et lluri~itz, 1961 , Margulies, 1961 .Crow, 1978 , Lucat-hr et
Coruy, i~~.a frirre (Nottkriia, 11959), lI a Ijiiic (Steblins, votu-j, le
travail - moslire piar Ic dcjI,iii duii Ieviii - (Iliro L., I 9m, 3.O
Hferri, k ct Vronbcig(cr, P16~5) LA Ia dg ~ fil U'i)Zing~l, lI.8

L'ik i glt..-nti A , lorsillic los ci iterir &fiiissait la ClasSL. op> ranb
autoriiciit des too icllvtcs do Vai'laLiu 1,.-u .unitraignauites, oii Ubsr,
quo 1%:s itpoitas se btatnihu it progicssi~niviit aotuiir d'uiic valcur Lci-1

trale, souvent difT, r':e to i aniimal a ILiitre I'atiginiitatii d, L;i
st~reotypie do la rtfpons, atii I dv I'expobition au city, refletv It- Loiitr~le
par Ic renforccment et eSt sails juue iliturpretalle par la tendamic au
moindre cfTh)rt Ih1,rrick et Dronilorger, 1 965, par exemplet ou, de faqoii
plus raffinoe, cii lrine douptimalisatiiii du tomportcment (Nottcrnian,
1959 , SIliddon, 1 980, liar c'xorrple).

L~a vartabil ito r apparaissatit en situation du'txtinction - oii fono-
Lion, entre autros, do ]a durec do I'eiitralnement en CflF (Thompson,
Ileistad ot Palermo, 1963) - attesto la reversihilite du phtnomcrie cons-
tate en pliaso de conditionnemerit La situation d'cxtinction ne se bortio
donc pas a rodluire le d~bit des r~ponses, dile en aiigmente [a variabilibo:

D'autres recliorelics ont explore Ics situationis i-enforcetmeni-t inte2r-
mittent, iiitermodiaires entre ces deux extremes quo sont le renforcemcnt
contiiiu et I'extinction. A I'exceptioii des travaux do Ilerrnstcin (1lO11,
de Millenson, Hlurwitz et Nixon (196t) et de B~oren, Moersbaecher et
Whyte (1978) - sur lesqucls nous reviendrons -, on observe gin~rale-
ment one augmentation de Ia vat iabilit6 lors du passage du cnF au ren-
forcement intermittent I(illenson et H-urwitz, 1961 Stebbins et Lanson,
1962 , lierrick et lBromherger, 1965 , rorraro et Branch, 19G8 , Eckerman
et Lanson, 1969 ;Lachtcr et Corey, 1982 ;Tremont, 1984).

Se pose ici la question de la relation eiitre Ic degr d'intermittence et
]a variabilite (in potit, avec Schoenfeld (1968), fairu I'hypoth~se qu'aux

38



(Jundit iut t nt ,rer upiruirl cliez IVuimulirj

p~ricodes successives d'extinction inhirentes aux situations de renforce-
meii intermittent, correspondrait tine variabilitc comportemcntale
accrue, par rapport a celle que I'oii observe en cnF Par consequent, le
nombre de variantes renforctes de la classe optrante 6tant. plus elev',
I'extinction sera prolongee, chaque variatite devant. tre tteinte s~pare.
ment Cette hypoth~s.2 implique que si les renlorcements se font plus
rares (bi le degre d'intermittence atigincnte), la variabilite augmente

Cetce que confirrnent. Tremonit (1984), travaillaiit sur I"~ iitervalles
inter jeponses (iRTl, et floren et at (1978), sur Ia localisationt (t;ioix cittre
6u leviers) Par contre, Ics r~sultats de Millenson et Hurrwitz (1901), stir
a durec, dc Tremont )I~.,sur la force, ctd'Eckermarit ct Lanson (1969),

stir la localisation, vent daiis le sens oppost. Ces dcuiniies contradictires
s'cxplrquent peut-Etre par trois variables : l coritextc comportenienual,
la dim-ension de la reponse mesureuel etI type de prugramnnmc de rerif..,re-
me,-nt en cours (programmu a coinposarrie teinporuiie ou programmre
p ru p oi

- 1I y a lieu de consid~rer le contexte coniporterrental darts leqird
a ijeise operditu appa)ralt Dii ufltA, la condijite est un plt~numerie a

caractere cuntioti (Skinner, 1953 ,Schoenfcld cl. Farmer, 1970), ct te
soutl. settlement des exigerices rnetliodologirpe , qui inhio~cnt d'isulcr &S
ci 1L, arbitraires du - Ilux ccinip.~rtumvnetjl - inniterronipuILcs autrcs
,onip.~rtcriciits de l'orgirtsme tit-ragibbcit aeCC la rep.wi, C operart, vt

peuvurit duii influencer l'exprcssiori du sa variabih Uic tiiJ du
ILri-istemr 1961, jflu Lre ccpuiit et meritc tin~ exanici kltarle IlLti-

stein cuii.,,tvt, a lecncointre djutres tiercheurs, qiuri programme de
rcnrurcemont rnterrnitteiit coniposarite ltrrporulle (VI 3 mun) eriti,it
urt diiminution de la varratiilrt6 dan , la localisatroin dle la rcrionIr par
rJoppoi- a la varabthrte observ~e prVeedemnment en CRr Dans sont dispo-
sitir expe rimenital - uric cage dc coniditronnement, pour pigeons -, un,
lonigue clk-reponse est placee sur tine paroi et le distributcur de renfer
conittits sur la paroi oppose:e En crty, les pigeons donfierit plus de coil,s
dt. tee aux c-tromites de ha cle et cette preference s'acertie de, hel
prtmiere s(,ance eii VI 3 mn (comportements trts sttrtotyp~s) Ferraro
ut B~ranch (1968), et Eckerman et Larison (19G9) reproduirsent cttv
experience, mais err plaiant le distributeur de reriforcements sous le
ccentre de la cle.r~ponse Its observeirt, A l'oppose de Herritstun, uric
forte augmentationr dela variabrhric lorsdu passage au runiiorci~eirt inte r-
mittent, conformement aux donntles des autres auteurs 011 petit supposer
que, dans 'exptrience de Herrnstein, d'autres compeirhemerits quc ceux
pris en compte par 1'experrmentateur, tels les &cplacements cirire distri-
buteur dt: renrorcemerits et dispositif-reponse, auraicnt intcragi a'.ec la
reponse operarite et. influenc6 ha variabiirte de cette dimension.

- Cottc variablc * contcxte corr.portemen tal . paralt en interaction
avec la variable - diri sion de la reponse * Tremonit 1 J4 etudie cette
initeraction en mesurant, duii pai t, la varratilite dc ha fOre de la
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r~ponse - dimension qu'il consid~re coinme peu alterable par le voisi-
nage d'autres comportements - et, d'autre part, ia vati abilite dcs inter-
vallos inter-reponscs - dimension supposcc plus vulncrabitc a l'interN&
rence des comportements apparaisuit entr- les reponses op~rantes En
augmcntant I'intermitteiice d'un programme a intervalles variables, ii
obtient un accroisscment dc la variabilte des inr. mais non de celle de la
force dle la ri'prnse L'importance du [Mix comportcmental, aboidam-
ment d~lmontre dans d'autres perspectives, doit inciter, ict aiissi los
clierchcurs a miix contrdler ot mesurer les coniport einentIs atitres que la
r~ponse op~rante et susceptibles W'en influencer la variabilito

- S'agissant du type de programme de rentorccmerit intermittent
en coiirs, la plipart des recherchos uttilsar.i des programmes a compo-
sante temporulle moiitrent ie igmentaion de la vartabilite comporte.
mcntale lors du passage dii cne au renforceinent internittenit fF,,rraro
et Branch t1968), Eckerman et Lansun t)99, Buren ei al. (978 , pour
la localisation de la reponse ,Tremont (I 984. pukir los tntervalics irter-
r~ponses 'Millenson et al (1)011, Schwartz et. Williams ( 97-'), pour 1a
duree dle la reponse) Quant aux rechlwrches utihsant des prograinmes de
renforcement intermittent a proportion. certaiflt' iontrent uric auginen-
tation ditrable do la variabilitc omnproricmcn1itlc! i lt-rri~k, 19L 5 ,Her-
ritk et IBrombcrgcr, 1965 , 6,h%.rtz ei Williams, Is;-,l, dlautrus uric
augmentation temporaire (S( hJOTtr et Steirhlorst, 1 959) eL d'.Autros.
enfin, n'cLtiennent pas daugmuintation IMill, nsun ei al i, I~,reli cal,
1978j Boren ei al il 5.e? Coiparcnt, pu p-i'qcr,~porme
Sintervalles fixes Ivi) et les progr-dinnies a prcpcrtoii iixe Fwi Hs~ etu

divi L l lcalisatioi de la rt potis5 stir six lcvicrs fon~tionnollemcnt sem-
thial~vs, cw des siniges suuntis : lifT. ronttcs vilttirs dc Ft, ci &c i I c3
valeurs ,Xi Fi suit choisies stir la base des rosultaits oIbicnus en Fn, h

d'apparier ces programmes cii tcrme du dvgre d'mntcrmitLT1CiC (YlArd
conroal design). En Fri, la stvr6utylni de la relonse - mcsiirc par l
nombre de cliangemonts de levieis - est prebsqii rnaxmale pour lout's
los valeiirs envisag~es (I a A.01, alors quo'n Fti la vsrijbihie de Ii lO'a-li-
sation est foniciun du dlegre doe l'intermittence Luilor fl968n obsor'c le
rn~me phenorrine en FR avec des p~geons t'ne explication possible do-s
differences entre les types de programme intermittent se base siir la
nature do l'organisation des roponses qu'its entrahient~ En programme a
proportion, le taux do reiiforcement obtonu est function dii lotit dos
rtponses, qui se comportent comme des unites tonctionnellos (Zeiler,
1977), avec une variabilMt minimalo En programme a composanie tom-
porelle, to taux de renforcement est, par cuntre, pratiquoment idoepen-
dlant du tau% de reponse.
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2 / fltPONSES COMPLEXES

Une r~ponse camplexe est constituke de rkponses simples, identiques
ou non, mises successivcmeit. Chaquc r~ponsc simple produit les condi-
tions pour la ir~ponse simple suivante. Les situations propostes pour 6tu-
dier la variabilitt des r~poiiscs complcxes peuvent i4tre r~solues par plu-
sicurs sequences corrcctes dc ireponscis simples.

Unc Uchc de ce type a ti mise ani point par Vogel et, Annau (1973)
pour les pigeons. Le niateriel se compose d'une cage op~rante comprenant
une matrice de 4 x 4 lampes, deux ci~s-rtponse et un distrihuteur de
grains La rtponse exig~e est de trois coups de bec sur chaqlue c8-irkponse,
dans nimporte qluel ordre. Au detbut de chaque essai, la lampe du coin
stip~rieur gauche de la matrice s'alluine Un coup de bec sur une cl8-
rt-ponse provoqlue le d&placement de la lumi~re d'une position vers la
dr~it, , un coup de bec Sur l'autre cl8r~ponse d~place la lumitre d'une
position vers Ic has A la fin des six appias requls. la lumi~re a atteind
la lampe du coin infericur droit de la matrice et. Ie renforcemenit est
dchvic' Un qluatri~me appui sur j'une ou l'aiitre cle des deux cts-r~ponse
termine lessai sans reiiforcement~ Vingt sequences differcntes conduisent
ai renforcemerit La m~mc t.ithe a M' utilistle par Perikel (1982) avec
des rats 'Schtwartz (1980, 19bt a) a Ltudit l'itifitene du renforcement
,ontinr el. dc I'extirt tion stir I'vtAlissernent el It: maintien des stquences
dJ. ruporises 6mises par det, pigeons, en utibant une version l~gtrement
rn,.d; ft~ de la tdche dle Vogct et Annau (matrice de 5 x 5 lampes et
7U sequen~ es correctes possibles)

Q!ui1ts qclue swir la t~che titilisc et 1'esptce concern~c, on constate.
c irl, ic diminution impuitante dic la variabilitu des sequiences de

roponsvs ct l'apparittoi d'unt- sequence domiiaitc (elle apparalt dans la
rTadorit des essaiu Pisacreta (1982 a, 1982 b) confirms ces resultats
aVeC Ullv: tAAC p~rmttant in grintd nomnbre de sOquences correctes

kcs pigt ont duivcrtt tteindi des matries Iummetisus dt: G A 9 cles-
rcporfsLc ri du~nruiit urt coup do bec siir citaque cie, dlans n'impurte qutA
ord r,

En situaticot d'extinction, la varialilit des sequences augmente, du
muimS si Icexposdiort lrealdble au conditionnemneit n'a pas tc trop pro.
lorig~e 2-0 sessions do 5U essais) Par coiitre, [a ster~otypie persiste chez
lts pigkt is dont l'erutraiiiumeuit a Ltu plus intensif (50 s~ances de 50 essais)
(SJ,%artz, 19i80, 1981 a). Ces resailtals sugg~rent qlue, sous certaines
conditions, les patterns dc r~ponses acqis deviennent ronctioniiellcment
iritvgrehs use transfctrmciit cit unites stereofyp~es et se comportent tels
des -blocs -insceallos, ptcu scrisibles a des mnodifications environnemen-
idles ultcrieures D'autics duries vont dans It: sons de cette liypoth~se:
-- unt. ihrripioii des St,1 Ls denit rjincmtnt durant buixaite jours

irt,, firteit la 1wt~ fot inaue, ni la variabilite des sequences lorsqu'on

41,/ /



replace lcs pigvons dans la situation d'entralienent (Schwartz et

- si des pigeons piecintraln -s ne disposent plus des indices lurnineux
(lampes Wtintcs), laugnientation de la variabilite nWest que tempo-
raire et )a s~ iieiicc domniante d&veloppee anterieurement ne tarde
pas a rcappaiaitrc (Schwartz, 19811 b);

- si on cn~isage los siqtiiiecs comme des r~poiises individuelles, lus
dounieb ObtVIINC!, iIYL dubs pigeons pirtentralnies soumis ii des pro-
grainines multileIs ou Lonciirrents sont conformcs aiax comporte-
ments observes dans les ttudkes impliquant des reponses simples

- Si 1'o1 CoiiSIdcr 1 qil1 ]'intermittence du renfuruornent cst assimlab)le
ai UneC BIiCSSIOr de puriodeb d'extini:tion, on pcut pr~voir quc It:
renfurcemei I iil eiuiri~t aura des effots snimilair~s stir ]a varibiflit'
des SiqunejCs, a ceux nianitests cit extiiictiuii Sd iwartz ( i2b,
plzi, des log-uiis prceltrmnes en Fi et enl Fit 1ie coiistate au,-unk

augii~tatoid.- )a s'ariab.ilht deb sequeCHes Li. efLkts du ces pro-
granmiis ni arqUsiit uicqiiment stir Ictr Lis de latt'iie (teril.,
s51' 1,.lt 11 d~ Iiit dL I'tssiidii pren-ivs ii u & Ii-( dc la seqiloncr(I et
nuil lii I tcmiij - pararit. Ib ui. 5 &~ bt , ai l'itvi iui dv la sejuci.'v

C, ,s I .I- b mIill lit dull ioliif incr qir Iscq tir e W'e , pts ,vi!
1:tli. . ar um liep pnj ix tapusiht Ci dt coups dt: Ic,u nais queuelt. f',ri
lii, lfite r' n , .jve tinle striirire IntOeci Ui:ic dc dt te i\I rtz

,PI . )) siigu..:re qtui kett orgaii sjtiuii est du type liierarciiIIC, rlutt
qie soistforin- dt laine &e reponses

Le caral t~i e, hoorie oii non, des r~lpis-s qui cumpusunt Les
sieqicnres C61. suscertibic d'infliloneer l'iiitcgi atiun des ruponsi-s cit
unites ISeAxartz, 1980, 1982 a, 1982 b, 1985i, ailsi que It maintien ,Ss
sequiwe el cii\stine tion Peu d etudes expe-rimeiials ont Lrito n

I vser ],s if~Ts di-~T. Treiitus contingerilcs de reiifortcmn'iit sur la varlti
Iii fle do eijitmiccsk , omnport~ce'i s lieterog~iieb sin Ct!SSiOC de reponsvs
topcgprdplitinmcn t. dill, re-ntes Les travaux dc M ii stoti et at (1961

coistituenit uric excpt ii b cct 6gard Ges autcurs ut roidil iinm dcs
rats a Lmitr iiii: se quience dc i ormporteinents 4 ifT ii nts (appui siir un

levier sinvi dio deplacemeiit de l'aiiinial tt de l'iitrudu lion du niustcai
dans lorifice do la cage coiitcriant le renroreeiiieiil i rerifuiCninit
continu, l'ainal 6mot des stqiieices de coinpottements tout a fail
Wtreotypecs Eii ex tinctioni, on observe til disparitiin (IL Cette stleV-
tkpie et uno modificatioii dui pattern temporel des difft rents conpur
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B. - rEFFETS DE VARIABLES PSYCJJOPJIYSIOLOGIQUES
ET DES STIMULATIONS AVERSIVES
SUR LA VARIABILITP. DL LA RtPONSE

Plusicurs auteurs ont ?.kudit I'influcnce de variables psychophysiolo-
giqlues sur ]a variabilit du cornportcment: effeLs dc ]a privation aliinon-
taire (Elliott, 1934 1De Valois, 1954 ; arlton, 1962 ; dcSweency, 19-/)
de la quantMt du renforcement (Carlton, 1962 ;Stebbins, 19G2) Ide
I'alcoul ;des droguus et des 1 sions cOr~bralcs (Devenport, 198Jj Nous
rcnvoyons le lecteur a Devenport (1983) pour une information compl e
a ce sujet. Signaluns cependant quc I'ensemble de ccs recheiids
montre que la variabilite comporteiniale est d'autanit plus importi.rnto
que l'organisrnc est proclie dc son etat normal (absence de privatioi,,
de substances toxiqucs, de lesions cbrcbraleb , I I sernblc: des luis regr, t-
table que toutes ies recliiclies recenscus etudiecut la variaLbilite compur-
tementak, chez des, auimaux affaaiics

Les otudes relatives ii 'influcnce des stimulations aversivcs stir la
varablit sont rares (Hlamilton et E~retlcvsky, 1933 ,Everall, 1935
NI~iir ct ~~ 19.43 Lh De alois, 195'. Ferraro et Haves, 19G7) DL- phj ,
leurs difTcrcresmtlcLes nt. pernmttiiti aucunie gticrahsati

C - VARIAI3ILI'lt OPLIANTE

Tous les travaux quic nous avons mentiories jusqu'a prcscnt out.
etudie l'expresscor dt la variablit spontaritc et ses rapporlb a'C 111
ens- nilt tic variales hr e a Icjatin( ~aect a I'cn~,ronnenitl Elk I> c
influecee par s't-at du cet enviroiieiicnt et pat ses inodificationis Ceill,
variabihtv dc base, conditio necessaii, aux appfcntissages ulterivui ,
c-st iridissociablte d'une: pfurdte dL fa~heurs inlicicrits a )'orgamsrm ,LI

qut l'espc& e (1adrIkr, 1 9,4), l'eXpt:i ici ainturicurc ct loetl sIi
giqie (lieverpoit, I 9bi Interrogcons-iouu j pr n SUi la pos ilte
du coiiditioner Ia varibilitL Luinpoi teinetale: ellicinu'ic

1/fREPO~bSs SIIPLES

Schoenfeld, Harris et Pariiier (1966) soft lcs premiers a avoir cj
tement conditionn& des variations dii comportom-ent lis iie reiiforweit
des pressoijs do levicis clhei des rats que si les iitervallts mltcr-iepciisL-
appartiennent uric classe difTerente de cells d l'imite-ivalle inter-mep)Oiies
imm~diateinent precedent (l'exigonee est ici minimale les rats peuvu~nt
obteiiir Lou, Ics renfurcements prograimms par )a simple altermiance dc
deux 111T de diirtcs difTerenteb). Les resultats monticit leTLet escompt,
ct qui icite les auteur., d fournir une * r.Ctte. pour letlude de la vdi i
bili te roperarI * Leuitralnent a, Ia vaiiabilitc do la ropuitse est
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affaire * a) de defiition de la forme et dii degre de variabilit6 desires
b) de mise au point des contingences do renforcement qui cr~eraient
cette variabilite ;et c) d'iiisertion de ces contingences dans un programme
dc rentorcement. - Mais des &Ludes ult~rieures montreront que la solution
nest pas si simple.

Blougli (1966G) envisage la mnme variablc dependante et renforce
systematiquement les intervalles inter-r~ponses les momns frequents de
ses pigeons. 11 obtient des distributions akatoires de cette dimension.
Bryant et Church (1974), pour obtenir dcs comportcrnents de LhoiX
alcatoires ciitre deiix leviers, rfcompensent A 75 %/ les comportements
d'alternance entre les leviers et a 25 0% la r~p~tition de la r~ponse sur
un m~me levier - comportemeiit -prefer par les rats En fin, Pryor,
Hlaag et O'lleilly (1069) coiiditionnent la variabilite de la topographic
de la r~ponse chez des inarsoumis, en ne rcnforant qiie les comporte-
mciits dont ]a rorme est differente de culle des compurtemcnts tmis prcc-c
demiment par I'airnial Ils obticunnent I 'appition de nouvelles conduites
parmi lesquullcs curtaines n'avaierit jamais t observees dlans cette
esp~ce.

Si le peu d'chides reaisees indliue de faion c!aire que Ia variabilite
comporLementale est sensible 5 ses proprcs consocquences, et pout se
comporter comma n'iinporte quvl autre aspect du comportement (dure!e,
force, taux.. ), cus travaux SuufriiLu coeidatit d'un bials metliodolo-
gique Aucum tie contr~le Ics u(T~s de I'inic-rmtCneC du reiiforc~rcit,
au fur et a mesurc qtic lciutraiirkcnt se uleroiile, Ic renrorcrnent nest
plus couitinu, mais duiwit iidrmnittciit. Or, nous avons niontro que
l'intermittence du roiJfurcemciut a tendance a augmenter ]a variabilite
puntanee, Licteur qui est ici indibsociable du reiufurcement direct de la

variabilite. On pourrait, de in ML ANoqUer la succession de puriodes
d'extinction pour expliquer cvs rebu

2 1 ltPONSES COMPLEXES

Dans une tAche deja dkcrite (matriceS 5S lamrpesi, Schwartz 1980
1982 a) tente de conditunner )a variabilite des s~quiences de repo'nscs
en renfor~ant une stcquence correcte si elle est dulfuorente de la pr~c~dente
(condition de variabihLut minirnale). Les pigeons, qu'ils soient nails ou
exp~rimentks, dUveloppont une sequience qui devient dominante malgr
les contingences do variabilktd. Perikel (19h2) observe des comportements
similaires chcz le rat dans une t~che adaptee A ces animaux (matrice 4 x 4
lampes 2 lcviers-r~ponse). Schiwartz (1982 a), 6mcttant I'hypoth~se que
les pigeons maltriseraicnt ]a contingence dle variabihit si leur repertoire
comportemental contenait au mains deux sequences de r~ponscs, con-
frontc des animaux cxp~rmenus Ai deux situations d'apprentissage suc-
cessives Dans un premier temps, iI les conditionne a alterner de mani~re
stricte deux skquences de r~ponses particulitres differentes durant 50
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eajices. Dans un second temps, il les place dans la condition de vatia-
bilitt minimale (50 stances). Wdme si 6 la fin de )a premitre phase et au
dtbut de la seconde, les pigeons teiident i produire les deux sequences de
r~ponstes avec la rn~me tr~quence, lors des dcrnitres stances de la
seconde phase, le coinportemcnt d'alternance se d~triore et uno skquence
devient dominante. Et l'auteur de icoiclure :-... alors qudi est clair que
le renforcement peut cr~.er tin repertoire de rkponses varikes bien qlue
dijnes et circoiiscrites, ii neCSt P S Llait qu'il peut accroltre la variabili14
per se . (&Iiwartz, 198.1 u, p. 17'.))'.

Pour Page et Neurin ger ll5)a coiitrainte de la riponse dtflnic
par Schwartz (4 coups de bec sur cliuquc Lit) e,,plique soin clec i condi-
tioriner la variabilitt et entralne une limitation des seqluences possibies.
If n'y a que 70 skquences possibles coiitre 256 dans une situation ou les
liUILs coups de bec ne doivorit pas Wte tgalcrnent repartis eiitre les deux
elet. En supprimaiit cette contrainte ainsi qjuL la matrice d'iikdices lumi-
neux, ccs autetirs conditioniiieit des pigeoins a tmettre des seqitences de
huit rt'poiises sur dciix clts disponibles. Les pigeons obtiennent plus de
70 0, de renforcements possibles mrinie si une s~qUcnce doit ftre dilTe-
rente des 50 prkc~deiites Les t.6qucnces ainsi 6mises sont comparables
as orlirs que produit un g~n~rateur de nombres pseudo -alcatoire.

En contf 61ant l'intcrmittvnc.e du renforcement (yoAed conirol design
Ic-s rci~rorceiits sont doinnts sclon le in~nie pattcrn temporel que prtce-
deminenl, mais ne soiit plus contiingents a la variabilite des siLluences),
ils d&montrent qluo la variabilite obtwrv~e W'est pas 'Ine expression spon-
taii~c h~e a lintermittence du renforcment mis qu'chlc cst bieii tonction
des contingences de celui-ci lis inctlent egaleinent en tvidence quo la
variabilitt peut Wte plac~e sous le conti-45e duan stimiulus discriminatif
altcrnance d'exipence d'une s~quencc stcrtotypte ct d'exige'nce de .~aria-

bilitE) A la difference de Schwartz, Page et Neuringor montrent quo Ia
variabilite pr~sente les caract~ristiques d'un opi~rant, au m~me titre que
d'autres dimensions doe la rtponse (furco, localisation~ ... Lorsque des
pigeons pr~alablement conditionrits A varier lours skluences de rtponses
sonL ensuito places dans une situation identique a celle utiliste par
Schwartz (matrice 5 x 5 14 coups do bec sur chaqlue cle ,condition do
variabilitu minimale), ils obtiennent des resultats coinparables aux siens
J40 00 des rtoiforcements possiblcs) Toutefois, Ia cause du faible pour-

5. Lecliec de Cette tentative a des rondemnents mi~hodologiques D.~ns
ii preiire phase, deox sequences particulieres sont slr-'.enent renforcees
olurs quc das 1a condition de varijbihit nilnimrale toute sequence nouvelle
Vest eglemnent. Cette discordance eintre les deu. p.iliscs pruduirsit une inter-
rorence entre deux types d'operant :d'une part, les deux sequences acquises
devinnues ,itCgrtcs ct, d'nitrc part, di seiltenccs de rtponscs ji:\tapose
d'un niveau de comnplexitt inftricur. Le renf,.rccment des dernitres inter-
tercrait avec celui des seluences aiternantes (cf. Scb% arlz et Reilly (19W5,
pour oc anialyse dnafltie du processus d'interference).
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centage dc renforcoment est diTVrente : ies pigeons de Schwartz Ochouent
piarce qn'ils ant tendance a rep~ter la mrime sequence, alors que pour ceux
de Pige et Nonringer, Puictiec est d) 4 tin cinquitme coup do bec sur une
des detix cles. En outre, los s~quenccs de rtponses 6mises par les pigeons
de Schwartz so proscntent comme des unitts intgr~es ot ins~ca.bles, alors
quoe c:iiz Page et Neuiriiigcr, les pige-ons distribuent tours tr~punscs de
mani~re quasi al~atoire. L'analyse des stances d'cntratnement pr~alables
a ]a situation die variaLiM6t minimale permct d'expliqucr )a nature difye-
rente des sequences kmises. Les pigeons cae Schwartz d~veloppeuit, dt-s ce
stado une sequence dc r~ponses fonctionnellement intkgr~c et non modi-
fiable En elfet, dans la p~riode d'entratnoment, les pigeons doivent pro-
duire quatro coups dc bec sur chaque cit sans exigence do variabi)Wt,
alors que chez Page et Neurirc er, )es pigeons sont d'emblte plauis dans
une situatlon on toates los s~qiiences do r~ponses produites alkatoiremerit
sort rcnforc~cs, pour autant qu'eles sojent ditT~rentes des pr&cdortes

A parir dc ces r~sultats, quelques r~flexions penivent te faites iu
propos do la tache titilis~e par Schwartz Si losanimaux abordentIa sit ia-

tion en 6mettant iin ensemble de sequenrps de r~ponses .juxtaposees
v'ariables et ohtiennent pon do renforrients, its re pouvent optimal iser
I- tir gain qii'eii maltrisant la Whoeb elle-m~nie ,cc qui entralne inc dimi-.
nuition dc Ia variafoilit& 11 ost des lors confradictoire doexiger ulb~rieiirp.
mont la ailiL ticm rlmtqndInitelsquIn pos
inte-grke sous tine rorme stitr~otvp~e dans le r~pertoire de Vanimal

Un dos ateurs docet articic flcu',itger, 1986) a r~ussi condiliorner
la varialoit dos 49qnences de reponse, en veil~unt ce quo les pigeo~ns re
puisserf dtvoloppt-r de s~nqionces int ; r~ps, tout en maltrisant )a rnn-
trninte de distrihiitiori #Wale des r~poiises sur les deux cl~s ?matriv

4 t amptos) Gr'ue tin pr~cntralnement ati~quiat", il parvient ti Mablir
ehcz laromal tin rtiportoire die r~rponses earacl~risc' par des uno!"s -ri
males - differentes qui, en se comltinant, permottent de resoudro )a t~iie
do raqon vari~e Ce type de repertoire petit 6tre consid~i-6 comrne inter
m~diaire Entre diim er-0 par S hN~artz et celui de pigeons de Page ot
Neuiringer Cependaiit, m~me dlans co cas, le nombre de poss~iihtcs e! t
encore fort limite

1) - CONCLUSION

Si on reprend lanalogie avec la th~orie de l'evolutioii, on pourrait
affirmer, aprts cotto brtve revue dota litrature,quo les donnees actuell, s
concernont Plus los m~canismes s~loctifs qiie les rntcanismes do Ia varia
blitti comportementale L'absence d'une coherence au nivoau des resil-

G En allumont tie fa oii altaoire, ou &~but de clique ess4i. ties la ics
de pI':s en plus tloignft3 diu but, il ametne progressivement. tes pigeurns A
rop~rer des jOres do discriminatiomi succeasives
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tats empiriques est claire :ceux-ci sont parrois contradictoires, parfois
non comparables, et inexislants dans certains domaines (le shaping ou les
relations entre variabilitt et 6motions, par exemple) Les axes autour
desquels les rechereties sont orgaiiis~es nc sont pas 6vidents, et les varia-
bles ktudi~es jusqu'A present ont Ot - import~es a de V~tude des m~ca-
utismes sOlcctifs (par ex. :renforcement, extinction, intermittence, etc ).
D'autre part, cette mrtllke revile illustre la possiblit techntiquc et m~tho-
dologiqlue d'une 6ttide de la viiarjdhiae en taut qiie variable (cf. Ltpley,
1954)

Api~s le resume des domiees cxp6rimn tales ct de quclqtics probl~mes
sp~cifiques, tin enisemLie de ircllcxions gentrales et la presentation de
queiqucs voics de reclier~he sembletit s'mposer

- Si le renforcement L ontingent a tine dimension doi comporlernent
tonuine Ia force on la localisation, conduit A line diminution de ]a varia-
lhilite, le processus rospciisable de CUI eIfe? n'a pas 1. directement ktudie
Plusieurs hypothe~ses ont ete proposees ti des niveaiix dilferents

a) EfTet dc Ia relation do contingen)t (reitforcerent difTerentiel), gel
ral,-ment non contrlu par lexperimentatetir, entre certarnes variar-
tes de la reponse et I'obtention du renfor-cenient

b ) ElTtt des con.1,1irtes temparfelcs acriilt-nt& irs ei Ire certaines valrrrrs
de la dimension cotnportementalt nrvisagct (unc duree partic ulirt-
dt- Ia re-pois(, par exompl1<' et le renforcement. cc qui pour-rail er,-
trainer, de fa-ori aittomatiqjuc, l'augmentation de ]a probabilite
d'emisslon. de r ponses avant cc-tto Hurce La storeotypie serait alors
l'efTet de Ia rtpetition de i e cN.-e ,e

cl A un atitre Tiveali, cot effet serait d6~ a Ia maximalisation dui rapport
cofits gains tnergctiqiues (au momts en ce qui concerne la dluree, ]a
force ou la latence do ]a r6ponse , d'autres dimensions teles que la
localisation ne se prkteit pas arissi aisement br cette interpr~taticrl)

Ces hypotheses n'6tant pas uqivalentes - telles qudtles sont for-
mul~es - tine recherchie phis approfondic des processus qui rtcluisent la
variabilit6 coinportementale s'av~re indispensaLle.

- La phase d'elaboratior de shaping de ]a r~porise cst un momernt
privilegie d'intei-action entre ]a varialitl~ et la s~lectiun des comporte-
merits Cependant, peu d'eludes ont ete eonsacr~es a ce processus dles
travaux de Platt (1979) cependant, font 1'exception)

- Une caracteristique commune a tons les travaux recenses est
leur limitation A I'etude do la variabihit6 h l'interieur d'une classe comn-
portementale De plus, lattention a porte sur une seule dimension du
comportement A l'intriciir de cette classe (par exemiple, Ia force de I&

reis optrate I 'clargisseient (les etudes ii plubieurs classes et
dim, isorns dii compor tuinent I Notturitmin et Nfintz, 1 965) contribuerait
u rlanili-i les coiitrai tion., roh-vres dais les recher-lies pwitli~es Jusqila
present
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-Daris le cadre de la varial.ihtM optrantc, les quelques resultats
pr~sent~s ci-dessus, qui exigent des replications et extensions a d'autres
comportements et A d'autres espt~ces, nous amenent A douter de )a vali-
dite dle certaincs conceptions de I'apprentissage et du renforcement (telle
qlue lapprentissage coniu comme perte, puisqu'ii ri~duit le potentici de
variabilit6) Certaines exp~reaices indiqi~ient, par contre, que le refifor-
Lement Wnduit pas niccssairenieiit la sterecity pie et peut mti ne augmuli-
ter ia variabilite d'une Llasse opcrante. L'ttude de ce ph~noin~ne - e'tn-
lorcenient dliflerentiel de la variatiklito - pourra fournir Uti outil impor-
tant clans la Lompi-Oiension de la flcxtbihit et du degre de difT~rentAitioii
possible des diverses classes comportemcn tales (Pryor et al., 1969). Dans
ce contcxte on put penser qu'une des conditionis necessaires au condi.
tionnemeiit de la variabilite pourrait Ltre Icexisteiice, clans le repertoire
de l'aimal, clemcnts coinpoitementaiix dilferents, soit issus de varia-
Lies phylIii etiqtcs, soit acquis pciidaiit l'onlogeitese On duviait
s'attendre a Londilioinnr pis faciitemi la variabiliLie ciez des idi-

id1nS qJUI pi-scmient des repertoires coin purtemen taux plus mhe
ft. hIf,, IV7 I~ cf. cgaicnitiit Ics trvalii suln ici. 011 riri s b~ir 1
rclitssage

- line des L, iiies malcires tic I'chide txpcvirncn L'le d. la vir:,a
lii- V st I 'akLcnc de travalix sitiw s dans tine pcr~l--ctive rtg'I
Quei(JUCS anti-urs Tcitelbatim, , Segali t9'J2; ont conisid~re -pie

-, mportemini o perarit so dcvt!uppe a partir (itt umpcrtcmi-nt r. P1~ xe
pr~stcnt an x prcrnicrs s alos it d , xopperneiit Dos i des simniwr, S:;
a aabit, itoeopren n 1p0't.'1tu sci ulen t im-ifitantes pinsqlu',-Aus rnutis
aidi-raient a clarifier les LIT, Is dub a I'expo) ition prvcoCC a des envi7 i
itments plus ou moins rithes et cux diis a des expericin os plus on moinS
varle25

Ces deux dcrnieres remanlicus ouvrent de nOUVOiies perspectives de-
recherche, non settlement dans le domaine de i'appr!ntnssuige et du
developperini-t, mais aizssi dais tceux de lethligie et de la psychuiegei
cornparce

R s um E

Le but de cette rev~ue, qii dresse un bilan des connaissances reit.cs
a viariabaiit comportemtneae en condionnement opti arit che: I'aniintal,

est d'oi~srtr la v'ote au~r recherthey futures. Les recherches preserilees sora
organise'es auiour de deiax axes ,1) L'exarnen de la vatrabititl spantante
de la r~ponse aperanie en fonciion de divers /sctehsrs : e, 2) L'eiude des
possibiaes de i-erforcemeni selecitf des wurtain.ons de la reponse opernae
- variabiie requise A Vissue de cette retrUe, Li iipparaut clai'-enient que
les naOCcansrnics de a'artation' ont etd beaiscoip Pnu;,ts tiudes qtiae me cdi
tais de se~ectn dus cinporielent (araecaaSies palirtantl coniten-
wires ena sherie de Vapprentissage). Queiqueai resiahiitS Iais)ert entrevoir
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la posstbdae de consiatrder la ariablite comportemeniale comme ,.e
dimension inherente au conipc-:r ient, sensible aux conien ces de ren-
forcernent, comne le sonj la fir la duree .

Alots eles . variabilit - )rtementale, condaionnentent operant,
anonal
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Abstract

The present investigation developed and tested a new

Percentile Reinforcement Schedule (Platt, 1973), suited to study

pattern variability, and whose main feature was the relative

dissociation it provided between the variability requirement

defining criterion responses and overall probability of

reinforcement. In a discrete-trials procedure, pigeons produced

patterns of 4 pecks on two response keys. If the pattern emitted

on the current trial differed from the N preceding patterns,

reinforcement was delivered with probability u. The schedule

continuously adjusted the criterion N such that the probability

of a criterion response, estimated from the subject's recent

behavior, was always constant. In these circunstances, the

criterion corresponded to a percentile point.

Using a between-subjects design, Experiment I manipulated

the variability requircment - the percentile - while keeping

rcinforceinent probability constant. It was found that the degree

of variability directly varied with the requirement. In addition,

an inverse relationship existed between the requirement and

w-ithin-group variance. Experiment 2 manipulated probability of

reirtforcement while maintainintg the variability requirement

constant. No consicteiL relationship wns found betw-een

variability and reinforcement probability. A tentative hypothesis

u a, advanced ascribing the operant conditioning of behavioral

variabiity to a process of probability de Lendcnt selection.

The Perccntile Schedule presented some limitations,

particularly when the subject's behavior was highly stereotyped.
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Suggestions w.ere made to overcome these limitations and further

improve the schedule.

Ke.__Uords: operanit varijabili1ty , interimitterit reiriforceinon4

Percentile Reinforcement Schedule, key peck, pigeons.
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OPERjAT CONDITIONING OF BEHAVIORAL VARIABILITY USING A PERCENTILE

REINFORCEMF.NT SCHEDULE

The usual procedure to condition behavioral variability

involves the delivery of a reinforcer whenever the current

response differs from one or more previously emitted responses

(e.g., Morris, 1987; Neuringer, 1986; Page arid Neuringer, 1985;

Pryor, Haag and O'Reilly, 1969; Schoenfeld, Harris and Farmer,

1962). Results from these studies suggest that variability is a

property of behavior that is sensitive to its consequences and,

therefore, amenable to operant conditioning. However, ulien

reinforcer delivery depends on variable responding, another

source of response variability - the iritermittency of reiritorce-

merit - is simultaneously present. That is, the effects of the

operant contingency will probably be confounded with the effects

of reinforcement intermittency (for a review of the effects of

reinforcement intermittency on behavioral variability see

Boulanger, Injebos, Lahack, Machado and Richele, 1987).

Therefore, no clear demonstration of the operant conditioning of

behavioral variability is possible if the elicited effects of

reinforcemenit iriternittency are riot adcq'intuly controlled . [,age

and Neuringer (1985, Experiment 5), were the only aut hors that

adresqed thijs problem using a self-yok(!d control desigri.

lriitilly, pigeons uere rewarded if their pattern of eight pccks

to left and right response keys during the current trial differed

from the patterns of the last 50 trials. This procedure

engendered a high degree of behavioral variability. Next, the

56



Operant varlaoility

sequence of reinforced and unreinforced trials, obtained in the

last 6 sessions, was repeated without any variability

requirement, i.e., variability was permitted but not demanded.

Behavioral variability sharply decreased, notwithstanding the

same intermittency of reinforcement. It was concluded that the

initially observed variability was not a respondent effect of the

schcdule of reinforcement.

However, when the variability requirement is manipulated

(see Page and Neuringer, 1985, Experiment 3, in which the

criterion for reinforcement varied from 1, i.e., the current

pattern had to differ from the preceding one, to 50, i.e., the

current pattern had to differ from every pattern emitted on the

last 50 trials) it is not clear what procedure should be used to

ccrtrol the associated changes in reinforcement frequency (in

fi ct, ii, Page and Neuringer's experiment, no control was used).

Srcond, the procedure does not allou, the study of the effects of

reinforcement frequency on operant variability. In other words,if

the experimenter wish~es to study the interaction between operarit

aid elicited variability, he must be able to vary the frequency

of reinforcemenit while keeping a constant variability

requirement, the opposite of the first point. Nonetheless, in the

procedure described above, frequency of reinforcement cannot be

an independent variable because it is partially determined by the

subject's, behavior itself. Finally, an adequate control of the

elicitin3 effects of intermittent reinforcement implies a

constriit probability of reinforcement throughout the session,

i.e., ori a trial by trial basis, and not only from session to

session.
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The yoked control design is a step in the right direction,

but from the preceding analysis it is clear that a more

appropriate procedure is needed (see also Church, 1966, for some

intrinsic problems of yoked control designs). Such procedure must

allow the manipulation of the variability criterion - from how

many patterns must the current response differ from if

reinforcement is to be delivered? - while simultaneously

controlling the overall probability of reinforcement. Developing

and testing such procedure was the main goal of the present

research.

Probability of reinforcement can be adequately handled if

the experimenter controls the probability of a criterion

response. Houever, this is not possitle if the criterion is kept

physically constant because learning continuously changes the

proportion of the subjects's behavior meeting the criterion. To

elucidate the difficulty consider the situation described earlier

that constituted the starting point of this research: in a

discrete-trials procedure, pigeons are required to generate

patterns of, say, 4 pecks on two response keys. The pattern

produced on trial N is then compared with the patterns produced

on trials NI-l, N-2, etc., until a match is found. The number of

intermediate patterns is the variability score of the current

pattern. Another way to think about this task is +o (oJI-ire that

only 16 sequences are possible (24 ). Consequently, the current

sequence has most likely occurred in the past and the number of

trials between its last occurrence and the present recurrence is

the variability score of the current sequence. Assuming no

sequential dependencies from trial to trial (see Bryant and
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Church, 1974; Page and Neuringer, 1985), the probability of a

particular variability score x is given by the geometric

distribution

Pr(x)- p (1-p)X (1)

whre p stands for the probability of a repetition, (see Figure

1).

INSERT FIGURE 1 ABOUT HERE

Greater variability means a smaller p and, when all sequences are

equally likely, p is 1/16, .0625. If a fixed variability score

is settled as a requirement to reinforcement, as in Page and

Neuringer's (1985) experiments, then uwith a progressive increase

in variability (e.g., from p-.15 to p-.0625 in Figure 1), the

proportion of the pigeon's behavior meeting the criterion

increases (the sum of all probability values at the right side of

the criterion in Figure 1), and so does overall reinforcement

probability (assuming that all criterion responses are

reinforced). This problem is critical if the effects of different

criteria are being compared because they will be interwoven uith

the effects due to concurrent changes ini reinforcement frequency.

One alternative which allows control of reinforcement

frequency is to adjust the criterion relative to the current

level of variability bel.ig exhibite(d. In other words, increaF

(respectively, decrease) the criterion whenever the subject's

behavior is becoming more (respectively, less) variable. In
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addition, the riagnitude of this adjustment is such that the

exEec ed ,obbilitv' of a criterion resoonse, that is. the

expected protability the next variability score -vill be more

excessive than jur criterion number, is always constant. To

accompiish these two conditions, the distributon of the

subject's recent variabilitv scores is used as a sample from

uhich an experimentally-specified percentile point is calculated.

This percentile point will be the .ariability requirement on the

next trial. By continuously updating the sample - dropping the

oil and adding the recent variability scores - anc adjusting the

criterion as specified, the procedure is able to handle the

pr:,bability of a criterion response. This probability is the

complement of the percentile (e.g., to obta ,, criterion responses

uith probability .3, the 70th perc2ntile is chosen). In order to

ha .e different variability requirements the experimenter

specifics different percentile values. Finally, to obtain a

certain rp-obability of reinforcement per trial, P(S+), the

e>:.,eri:.nter adjusts the conditional probability of

reinforcement given a criterion response, P(S+/Cr), to -he

uncondit ional probability of a criterion response, P(Cr),

according to Equation 2

P(S+)-P(Cr)'P(S+/Cr) (2)

Thus, to obtain an overall probability of reinforcement, P(S+),

of .3 havin.3 chosen the 40th percentile, i.e., P(Cr)-.60, tho

P(S+/Cr) would be set at .50. The schedule so defined corresponds

to a Percentile Reinforcement Schedule (see Davis and Piatt,

1932; Scott and Platt, 1985, and specially Platt, 1973, for a

thorough discussion of Percentile Reinforcement Schedules).
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In short, with this procedure the variability requirement is

relatively dissociated from the overall probability of

reinforcement. The remainder of this article presents two

experiments where the effects on behavioral variability of both

factors were independently assessed.

EXPERIMENT 1

Page and Neuringer (1985, experiments 3 and 5) not only

found that variability increased when patterns unlike those

produced during the N preceding trials were differentially

reinforced, but also that the degree of variability directly

varied with N. The present experiment attempted to reproduce this

relationship between required and obtained variability using a

Percentile Reinforcement Schedule that handles reinforcement

probability constant.

METHOD

Subjects

The subjects were experimentally-nalve homing pigeons

(columba livia). Each pigeon was maintained at 80% (+ 10 y) of

its free-feeding body weight. Water and grit were continuously

available in their home cages arid a 12-hour light-dark cycle was

in effect.

Apparatus

The experimental chamber was 32 cm along the sides and 45 cm

high. The floor was wire mesh and all walls and the ceiling were

plexiglas. The front wall was covered with black paper. The
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chamber was located in a sound attenuating box and white noise

uas permanently present. A one--way mirror parallel to the front

panel permitted observation.

The front wall was equipped with two centered response keys,

23 cm above the floor, 2.2 cm in diameter and 5 cm center to

center. Directly below the keys a 4.5 x 7 cm hopper opening, 7 cm

from the floor, permitted access to grain.

Each key could be illuminated with a 5-W orange light and a

100-W white houselight, permanently lit, was located on the

ceiling of the outer box, 90 cm above the front wall. A 7.5-W

white light illtminated the hopper when mixed grain was

delivered. A force of 0.2 N on either response key operated a

microswitch producing an audible click. All events Lwere

controlled and data were recorded by a Commodore 64 computer.

Procedure

Pretraining. Sessions were conducted daily at approximately

the same hour (9:00 a mi). All pigeons were trained to peck both

keys under a modified autoshaping procedure developed by Schwartz

(1980). After variable intertrial intervals (mean-60 s) one or

both keys were randomly lit for 6 s after which reinforcement (4-

s access to grain) was delivered. During reinforcement the

keylights were turned off. If a peck occurred on an illuminated

key, food was presented. Each session ended when 50 reinforcers

had been delivered. Autoshaping fasted 4 or 5 sessions.

The experimental sessions ended after 100 trials. At the

beginning of each trial, both keys were illtuminated. A peck on

either key turned off both keylights for a 1-s interpeck
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interval. Pecks during this period reset the interval but were

ignored for all other purposes. After 4 pecks, either

reinforcement or timeout followed. Reinforcement consisted of 4-s

access to grain during which the hopper light was lit, and both

keylights were turned off. Timeout also lasted 4 s, the keylights

were off but the house light remained illuminated. Pecks during

the timeout reset the interval but had no other scheduled

consequences. The only difference between the interpeck interval

and the timeout was the duration of these events.

Before the experiment proper, a transition phase was

implemented for 4 sessions. One key was randomly lit (and not

both as in the experiment proper) until a keypeck occurred. The

probability of reinforcement after 4 pecks was gradually

decreased from I to .4 and the number of trials increased from 50

to 100. All other procedural details remained the same (see

above). This phase also assured an adequate sampling of both

response keys.

The Percentile Reinforcement Schedule. Whenever a sequence

of 4 pecks was completed, it was siven a variability score equal

to the number of sequences intervening between the current

sequence and the most recent one it matched (to a maximum of

50). If this variability score was greater than a criterion

number, reinforcement was delivered with probability

u - P(S+/Cr). All other sequences ended in timeout. To control

the probabiliLy of a criterion response, P(Cr), the variability

s'-ores of thu most recent 20 sequences were rank ordered, and the

variability score corresponding to an experimentally-specified

percentile was determined. The percentile was the one for which
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the complement yielded the appropriate probability of a criterion

response. Table I presents a hypothetical example, showing the

absolute and the cumulative frequencies of each variability score

in the last 20 trials.

INSERT TABLE 1 ABOUT HERE

Suppose that the 70th percentile is being used and the overall

probability of reinforcement is set to P(S+)-.3. Thus, P(Cr)-.3

and, according to Equation 2, P(S+/Cr)-l. Counting from below to

include 14-(20)(.7) variability scores gives us the criterion

number for the next trial (5, in this case). As no ties exist,

i . e. , nio more than one sequence had a score of 5, the next

sequence will be reinforced if its variability score strictly

exceeds 5. However, if the 25th percentile is being used,

P(Cr)-.75 and the criterion will be set at 2. To have P(S+)-.3,

the P(S+/Cr) is adjusted to .4. In this case some ties exist arid

so if the next sequence has a variability score (a) greater than

2, it will be reinforced with probability .4, (b) exactly 2, it

will be reinforced with the desired overall probability, .3.

This algorithm was always used except when the criterion was

zero. Whether ties were present c;r not, zero variability scores,

i.e., repetitions, were never reinforced. Another decision

concerned the maximum allowed criterion number. Suppose the

criterion is set to 30. This mearis that the next sequence should

differ fron at least the preceding 30 patterns in order to be
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reinforceable. Nonetheless, an 'impossible' situation would occur

if all the 16 possible sequences were among the last 30. This

'impossible' situation is most likely if the subject's behavior

is highly variable and a high percentile is currently being used.

To prevent its occurrence, the maximum criterion number was set

at 25 because the probability of emitting the 16 sequences on the

last 25 trials, assuming random responding, is less then .01 (in

fact, it occurred only once throughout the present experiments;

in this case the criterion was set to the highest possible

score). The slight underestimation of the probability of

criterion responses stemming from this limitation, was thought to

be meaningless.

In the first session, the first trial was followed by

reinforcement and before the 20th trial had occurred the

criterion was calculated from all previous scores without any

adjustment of reinforcement probability. From the second session

afterwards, the last 20 variability scores each subject produced

in the previous session were loaded into the computer's memory

and were used to compute the initial criteria. Also, the initial

patterns of the current session were compared with the last

patterns emitted on the preceding session until their

corresponding variability scores were found. This meant that

birds were from then on running a sort of a long continuous

session.

For this experiment, 18 pigeons were randomly assigned to 4

groups (see Table 2).
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INSERT TABLE 2 ABOUT HERE

For all groups P(S+)-.3 and the 25th, 50th, and 70th percentiles

were used with groups III, II, and I. In Group IV no requirement

was imposed, i.e., all sequences were eligible for

reinforcement. This group permitted an assessment of the elicited

effects of reinforcement intermittency in the absence of any

variability requirement. If variability is a differentiable

response property it was expected that Groups I, II, III, and IV

w-ould be ranked in this order on the variability measures.

Subjects received from 20 to 32 sessions until mean variability

scores were visually stable.

RESULTS

Figure 2 shows the number of reinforcers earned by each bird

on each session (excluding the first one) and the 95% confidence

intervals - normal approximation to the binomial distribution

with mean equal to 30-(.3)(100) and standard deviation equal to

4.58-1(.3)(.7)(100).

INSERT FIGURE 2 ABOUT HERE
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Table 2 shows scme summary statistics of these distributions.

Observed values were close to, but slightly above, 30, the

predicted value for all groups. This was most evident in groups

I, II, and III. Standard deviations were also similbr in groups

II, III, and IV, but smaller in Group I. Several factors might

account for these slight deviations, such as the previously

mentioned underestimation of response probability for Group I,

the sample size from which the criterion was calculated, the

algorithm deciding what do to when ranks tied (see above), and

even the computer's pseudo-random generator! In any case, the

magnitude of these anomalies was not large enough to undermine

the analysis that follow.

The mean variability score each bird obtained in the last 5

sessions (taken as a long session of 500 trials), is shown in

Figure 3 (individual values are shown in Table 2).

INSERT FIGURE 3 ABOUT HERE

Random responding would produce a mean variability score of 15,

the expected nunber of trials before repedting a particular

pattern. An ANOVA by ranks (see Meddis, 1984) supported the idea

that the amount of variability depended on the requirement -

Z-3.63, p<.001 (specific alternative hypothesis, HI: N4<M3<M2<Ml,

There M4 iwans expected mean rank oi Group 4, etc.). Group I

generated highly variable behavior whereas four birds of Group Ik/

(variability was permitted but not required), soon directed

67



-------- - -J

almost all pecks to one or the other key. Groups II and III

produced intermediate degrees of variability.

Another useful measure of sequence variability is

Uncertainty (U), derived from Information Theory (see Miller &

Frick, 1949; Attneave, 1959; Page & Neuringer, 1985). U was

computed according to the following equation

U - -Z P1 * log2(pt ) (I)

where U means Uncertainty measured in bits, pi stands for the

probability of sequence i , and I means the sum for all 16

sequences. Uncertainty is maximal when the 16 patterns are all

equally likely, i.e., each one having a probability of 1/16. In

this case U-4 bits. Uncertainty is minimal if one pattern

dominates all the others, i.e., only one sequence is emitted. In

this case U-O. Figure 4 shows mean U values in the last 5

sessions.

INSERT FIGURE 4 ABOUT HERE

The trend was the same as in Figure 3, that is, variability was a

negatively accelerated function of the requirement. Taken

together, these findings are consistent with the results reported

by Page and Neuringer, (1985).

Intersubject differences were another important aspect of

the data (see Figures 3 and 4). The magnitude of these

differences was inversely related to the requirement. Even when

no variability was needed, birds #13 and #15 of Group IV still
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maintained a certain amount of variation, whereas the other

birds' modal sequence represented exclusive responding on one

key, accounting from 80% to 92% of their behavior. Page and

Neucinger (1985, Experiment 5) had already observed important

intersubject differences when the variability requirement had

been totally eliminated.

Birds #3 and #4 of Group III also maintained a high degree

of variability in the presence of a very low requirement. Birds

in this group showed a different kind of stereotypic behavior.

For Bird #12 sequences LLLL and RLLL accounted for 60% of its

behavior; for Bird #8, modal sequences revealed a 'switching

stereotypy' (LLLL, RLLL, RRLL, and RRRL, accounting for 86%; the

Bird scarcely switched from the left to the right key); for Bird

#3, stereotypy was exhibited on the last peck of the sequence

(79% of these pecks on the right key and only 21% of the left

key). On the other hand, groups I and II showed a very small

spread in individual subjects' data. The only stereotypical

feature in Group II was a preference, in birds #5, #6 and #11,

for the right key at the beginning of each sequence (from 61% to

63%). Birds in Group I generated highly unpredictable behavior.

As an example, Figure 5 presents the frequency of each

variability score for Bird #1 and the predicted values assuming

random responding (see Equation 1).

INSERT FIGURE 5 ABOUT HFRE
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A Chi square test showed no significant difference between the

two distributions, X(36)-37.44, p>.40.

DISCUSSION

The Percentile Reinforcement Schedule performed

appropriately. The probability of a criterion response was, in

each case, close to the predicted value, and, consequently, the

probability of reinforcement was adequately handled. The slight

underestimation of response probability for Group I may be

corrected by letting the maximum criterion number be determined

on a trial by trial basis. More specifically, a check could be

continuously made to see if the actual criterion, corresponding

to P70 , was really attainable, that is, if it was possible to

emit a sequence whose variability score would equal or exceed the

criterion number. In this case, the criterion could be, on some

trials, greater than 25 and still be a valid criterion.

Using a between-subjects design the present experiment

demonstrated that different amounts of behavioral variability can

be maintained by operant contingencies. With the exception of

Page and Neuringer's (1985) study, no other research had adressed

this important subject. In fact, an adequate theory of learning

must decide whether to take behavioral variability as a

fundamental behavioral dimension directly amenable to

reinforcement, or as a secondary behavioral property, reducible

to more basic processes (see Neurinler, 1986; Page and NeurinSer,

A985; Schwartz, 1982). This is both an empirical and a

theoretical question. If reinforcement is seen as strengthening

behavior, that is, as increasing the probability of those
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responses that produce it, how can this process engender

variability? This theoretical question is dealt with in the

General Discussion. In contrast, if variability is a by-product

of more fundamental processes, what are these processes? The

present experiment ruled out differences in reinforcement

intermittency as the explanation of the differences in the

asymptotic level of variability, but only further research can

settle the issue.

The high degree of pattern variability maintained by some

birds in the presence of a weak variability requirement (Group

III), or even its complete absence (Group IV), is analogous to

the situation found with other response dimensions when

reinforcement is no longer response-dependent (e.g., Davis arid

Platt, 1983). The transition phase implemented before the

e;;periniental sessions (see Procedure), might have induced a

degree of response variability that was, in some birds,

adventitiously maintained during the experiment proper. The

problem left unexplained in this formulation is the development

of stereotypy in Groups III and IV: why was superstitious

reinforcement of behavioral variation not equally effective in

all groups?

Another plausible hypothesis is to argue (see Nouringer,

1986), that behavior was initially variable; whether it remained

variab:o or not wab a matter of how stringent was the current

requirk-ment. Weaker requirements -ire less effective in

controlling behavior arid this meis that greater inter-subjects

differenmces are predicted in these condition.s.. Similar

conclusions were drawn by Scott and Platt (1985, Expcrimont 4).

3'iJ
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Using a Percentile Schedule in which reinforcer delivery was

contingent on the location of a joystick displacement response

emitted by rats, the authors also found greater within-group

variance when the requirement to deliver reinforcement was less

stringent. They concluded that "weaker contingency is in a sense

weaker control of response location by food delivery and greater

variability in individual performance is a concomitant of weaker

control* (Scott and Platt, 1985, p. 167). The same could be said

about the present results if 'pattern variability' replaced

Iresponse location' in the preceding quotation. In other uords,

uhen a weak requirement was present, different variables might

hav:e controlled the performance of different birds. With stronger

requirements, the influence of these other variables is greatly

attenuated, and the requirement per se plays the major role (see

also Crou', 1977 for a related hypothesis). Further research

should clarify this topic and a possible starting point is the

replication of the present experiment with a uwithin-subjects

design and an initially stereotyped baseline.

EXPERIMENT 2

Changes in reinforcement frequency have well-known if

somewhat inconsistent effects on behavioral variability (e.g.,

Antoiiitis, 1951; Boren, Moersbaecher arid Whyte, 1978; Ec1ermn

and Lanson, 1969; Ferraro and Bronch, 1968; Herrick and

Bronberger, 1965; Herrnstein, 1961; Lachter and Corey, 1982;

Millenson, Hurwitz and Nixon, 1961; Nottelman and Mintz, 1965;

Stebbins and Lanson, 1962; Tremonit, 1984; and, for a review,

Boulangcr et al., 1987). However, no research has been cociducted
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to study the effects of changes in reinforcement frequency when

variability is the response property on which reinforcement is

dependent. In fact, elicited variability, a function of

reinforcement intermittency, might interact with operant

variability, a function of an operant contingency, and this is an

area deserving future study. The Percentile Reinforcement

Schedule, as previously defined, is well suited tc study this

interaction because its main feature is the relative dissociation

it provides between the criterion defining the operant class (the

percentile) and the overall probability of reinforcement.

When only criterion responses are elegible to reinforcement,

the maximum probability of reinforcement is, obviously, the

probability of these criterion responses, i.e., the complement of

the percenlile. This means that large changes in reinforcement

probability can only occur if a low percentile is chosen. In the

present experimciA the 30th percentile was used and the overall

probability of reinforcement varied from .3 to .7.

METHOD

Subjects and Apparatus

Eight experimentally-naive pigeons were randomly assigned to

two groups of 4 birds each. The apparatus was the same as in

ExperimenLt 1.

Procedure

Autoshaping was as in Lxperitnetit 1. Ttic 30th Percentile %-as

used throujhout the cxperiment and so, P(Cr)-.7. For Group LH

(L-Low, 1--High), P(S'/Cr) was initially seL to .43 and then to 1.
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Hence, P(S+) changed from .3-(.7)(.43) to .7-(.7)(1). For Group

HL the reverse order occurred, i.e., P(S+)-.7 arnd then P(S+)-.3,

thus controlling any order effect. Table 3 shows the numuber of

sessions for each condition.

INSERT TABLE 3 ABOUT HERE

The transition phase (see above, Experiment 1, Procedure) was

only implemented for Group LH.

RESULTS

Figure 6 shows the number of reinforced trials per session

and th2 95% confidence intervals for groups LH and HL.

INSERT FIGURE 5 ABOUT HERE

ObLained values closely matched predicted ones but some

deviations are worth menLioning. The number of reinforced trials

u'as too low in some sessions of Birds #3 and #8 when P(S+)-.3 arid

of Bird #6 when P(S+)-.7. These texpected values stron:ily

influenced the mean and standard deviation of their resccLive

distributions (see Table 3). These amomalies were du,3 to the

following reason: deciding to not reinforce any repetition meant

that, when behavior was high~y stereotyped, the probability of a
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criterion response was less than the predicted value. More

specifically, when the probability of a zero variability score

was greater than .3, the criterion remained at zero, but the

probability of a criterion response was less than .7-1-.3, in as

much as only variability scores exceeding zero were elegible to

reinforcement. The algorithmi applied when ties occurred with

criterion values other than zero (see above, Experiment 1,

Procedure), could not be used or the resulting intermittent

reinforcement of repetitions would certainly produce maximal

stereotypy (see results of Group IV in Experiment 1). This is,

basically, a consequence of the discrete nature of the

variability measure and its lower limit. Some suggestions will be

given, later, to overcome this difficulty.

Mean variability scores in the last 5 sessions (see Figure

7) shoued no consistent trend when reinforcement frequency U'as

markedly changed.

INSERT FIGURE 7 ABOUT HERE

Some birds did not significantly alter their behavior (#4 and #8

from Group LI1; #2 and #5 fron Group HL). For other birds (#6 and

#7 from Group iIL), decreasing reinforcement frequency reduced

response variability. In Group LI, increzising reinforcement

frequency produced opposite effec:ts for birds #1 and #3.

The mean Variability Scores obtained on each condition,

i.e., P(S+)-.3 vs P(S+)-.7, were subjected to an ANOVA by ranks
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for related samples, with Subject as a blocking variable. No

significant difference was found (K-12, p>.05). Mean Uncertainty

scores gave exactly the same results.

Stereotypical patterns were similar to those observed in

Experiment 1. As an example, Figure 8 shows, for Bird #1, U

values for each keypeck in a sequence, viz., the Uncertainty of

the first, second, third and forth pecks, considered as distinct

events. On each case, only two possibilities exist, a left or a

right peck. Hence, according to Eq.2, U is maximal, and equal to

1, when P(L)-P(R)-.5.

INSERT FIGURE 8 ABOUT HERE

It can be seen that, on some sessions when P(S+)-.3, a systematic

preference for one response key was clearly shcwn on the first

peck, all successive pecks remaining highly variable. A different

picture is visible when P(S+) changed to .7 (the arrows in Figure

8). Stereotypy of the first peck gradually increased until, on

session 37, 99 of the 100 sequences started on the left key. On

session 39, the second peck was also highly stereolyped. From

then on, a different pattern emerGed whereby variability was

confined to the first peck, all successive pecks bring frequently

e,,itted on th,, same key. In other word.., when P(SL)-.3,

variability increased from the first to the last peck; w'hen

P(S+)-.7, the reverse occurred, that is, variability decreased

from the first to the last peck.
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Other birds (e.g., W2 when P(S4)-.3 and W5 when P(S+)-.3 as

uell as wLhen P(S+)-.7) maintained a strong preference for one

particular key on the first arid/or second peck of each sequence.

'Swuitching stereotypy' was also displayed by Bird #3 when

P(S+)-.3 (sequences LLLL, LLLR, LLRR (23%), LRRR (23%) and RRRR

accounting for 72% of its behavior). No conclusion could be drawln

relating frequency of reinforcemient to kind of stereotypy.

DISCUSSION

Important changes in reinforcement frequency did not produce

consistent changes in the level of variability. This finding is

no:. comipletely unexpected since it parallels the results

obtained whon variability is riot the responise dimension definirl3

the operant class. Whereas several authors have found an increase

in variability when reinforcement becomes less frequent (Eckermian

and Lanson, 1969; Ferraro and B~ranch, 1968; H-errick and

Bronbjergcr, 1965; Lachter and Corey, 1982; Stebbins and Lanson,

1962; Tremront, 1984), others did riot find a similar result

(boren, Moersbaecher anid Whyte, 1978; Ileri-ristein, 1961; Miliesoi,

Hur::-itz, and Nixon, 1961. See BOUlanger ct al. for possible

initerpretat ions of these inconsistent findings). In the present

situation, several factors might have obscured the effects of

re inforcemenit frequency. One of thmi i s th t imeiout that mi ght

ha-:e gained discriminative control over the initial peck of each

se-i-ence. Due to its contiguity u-i Lh tiimCOut, Ltik! initial peck of

a reinforced sequence could L-e more easily remnembered and thus

rcpeated. This in turn would result in mojre sequences beginningq

with this peck being reinforced, originatilii a positive feedback
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loop. This process might account for the increased stereotypy of

Bird #1 wheri P(S+)-.7. A direct implication of this analysis is

the elimination of the timeout in future investigations designed

to study the effects of reinforcement frequency on operant

variability.

That timeout cannot be the only variable at play is

susgested by the presence of other types of stereotypy (e.g.,

vriability confined to the first peck). Furtherm.)re, not all

birds developed the same type of stereotypy. Further research is

needed to clarify this topic.

The percentile schedule presented some problems when

performance became highly stereotyped, that is, when the

probability of a repetition exceeded the chosen percentile

value, viz., .3. On these occasions, due to non-reinforcc¢nent of

repetitions, a positive correlatiori existed between variabilitj

and reinforcement frequency. This correlation was maintained

until the probability of a repetition u,as less than the

percertile value. One solution to this problem is to increase tlic

number of pecks making up a sequence. When this happens, the sane

probability of a Right (respectively, Left) keypeck will

considerably reduce the probability of a repetition.

GENERAL DISCUSSION

The present experiments attempted to develop and test a new

Percentile Reinforcement Scheduic suited to study pattern

variability. The maitn feature of the schedule should be the

dissociation between overall probability of reinforcement and

the criterion defining the operant class. This would enable the
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experimenter (a) to maintain reinforcement intermittency constant

while varying the variability requirement (Experiment 1), and (b)

to maintain the requirement constant while varying reinforcement

intermittency (Experiment 2).

Despite some deviations from predicted performance, the

schedule successfully achieved its main purposes. In Experiment

1, the requircment varied among groups while the overall

probability of reinforcement was held approximately constant. A

suggestion was made to improve the schedule performance when a

high percentile is used: adjust the maximum criterion number on a

trial basis. In Experiment 2, the requirement was kept constant

uhile the probability of reinforcement changed. The Percentile

Schedule presented some limitations when the probability of a

repetition was greater than the chosen percentile. Thus, the

probability associated with the chosen percentile sets an upper

limit to p, the probability of a repetition; when p exceeds this

value, reinforcement probability will also be determined by the

subject's behavior. This fact is, possibly, the most ser'ious

drawback of the schedule precluding the use of low percentiles

(e.g., P10). One solution, as previously stated, is to increase

the number of pecks per sequence.

Whatever the algorithms used to improve the schedule

performance, it should be stressed that the aforementioned

'deficiencies' stein mainly from the runture of the variability

measure itself: it is indirect (variability scores are dceper:derit

on the probability of a repetition - see Eq.l - that in -urn

depends on the prchability of ;::ich sequence); it is a discrete
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measure, and has a lower limit, these last two features creating

the problem of ties, specially of zero variability scores. These

shortcomings in mind, the variability data will be coiiimented upon

now.

From Experiment 1 it was concluded that a weak percentile

only moderately controls the amount of generated variability.

Thus, a large change in reinforcement frequency could,

theoretically, have shown its effects during Experiment 2.

However, no consistent effect could be ascribed to reinforcement

probability Ler se or, in other words, to the eliciting effects

of intermittent reinforcement, when an operant contingency is

present. Other variables (e.g., timeout) might have competed with

frequency of reinforcement obscuring any effects this variable

may have. Further research should refine the actual procedure

(e.g., eliminate the timeout) arid repeat the experiment with

other combinations of percentile and reinforcement probability

values.

Despite important witLhin-group differences, results from

Experiment 1 showed that variability directly increased with the

requirement, a conclusion already reported by Page arid Neuringer,

(1985). The basic 'problem' of this finding has previously been

raised by several authors (e.g., Page and Neuringer, 1985;

Schwartz, 1982) and was briefly alluded to earlier: how can

reinforcement inrintain bahavioral variatici if it increases the

frecluncyi of the class of behaviors produ:ing it? Another way to

raise the problom is to ask "What objecLive proper ty of resporses

[on which reinforcement is dependerit] would unite them into a

class ?" (Schwartz , 1982, p. 178). It could be arSued that, on
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each trial, a certain number of sequences, if generated, would

yield variability scores greater than the criterion. Hence, this

was the defining property on which reinforcement was dependent.

The problem with this strictly operational definition derives not

from its relational character but rather from the underlying

behavioral process it assumes. In fact, the question asked by

Schu-artz is about behavioral processes, not about procedures (see

Catania, 1973). More specifically, the answer takes for granted

that pigeon's behavior is somehow sensitive to the dimension

'being different from X previously emitted patterns' This

assumption is unlikely given the difficulty pigeons have

remembering sequences, beyond the trivial LLLL and RRRR

patterns.

Page arid Neuringer (1985), and Neuringer (1986),

circumvented the question raised by Schwartz, by considering

variability a fundamental behavioral dimension, such as force or

duration, and by stressing the shaping in place of the

strengthening effects of reinforcement: "When the experimenLer

shapes keypecking (...) the pigeon is taught where, when, and

possibly how fast or- hard, and so on, to peck. Analogously, there

may be a dimension of all behaviors, described as variability,

uith vwhich the organism enter our experiments (...) Turning on of

off a variability generator may be under the control of

reinforcement, but the variability generator is tiot itself

cieated through reinforcement." (Page tAnd Neuringer, 1985, p.

450). The rela tionship between level of variability and degree of

requirement is further viewed as a fine tuning of this inborn

81 " 7
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variability generator by the current contingencies of

reinforcement.

Whatever the adequaterness of this conceptualization, the

hypothesis of a more basic behavioral process underlying the

operant conditioning of behavioral variability has not been fully

appreciated. Intermittent reinforcement has been one possibility,

but the present results did not support it. In the following

lines an alternative will be presented that assigns operant

conditioning of response variability to a process of probability

dependent selection. Experiment 1 suggested that overall

probability of reinforcement does not play the major role in the

process of variability differentiation. However, we are still

left with the (conditional) probability of reinforcement per

pattern. Consider what happens to the probability of

reinforcement - P(s+) - associated with a particular sCjLuence

after it has been emitted. Whatever the requirement, P(s+)-O on

the next trial since ,no repetition is ever reinforced. When a low

Percentile is chosen, after a few trials without cmitting the

sequence, P(s+) equals P(S+/Cr) whereas when a high PercenLile i.

used, more trials have to elapse before the pattern is considered

criterional again, and P(s+)-P(S+/Cr). On every trial, then, the

stronger the requirement the smaller the subset of all

reinforceable sequences. Also, this smaller subset will more

likely be restricted to the mo;. -ntarily least-probable l. tterns.

Stated differently, inlcreasing percentile values assure

differential reinforcement of increasingly less-probable

patterns. A similar idea is found in, Blough's (1966) least-

frequent IRT reinforcement schedule.
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If this interpretation is valid, variability should not be

considered a fund-imental, i.e., an irreducible behavioral

dimension, but the outcome of more primary processes, such as

probability dependent selection. We posit that probability

dependent selection underlies the operant conditioning of

behavioral variability. This hypothesis predicts random

responding as the asymptotic performance when stronger arid

stronger requirements are used. In the limiting case, all

patterns w-ill be equally likely and, consequently, equally

reinforced.

The resemblance with the process of frequency-dependent

selec ion is obvious. Curiously enough, a similar problem has

been raised in the context of the Darwinian evolutionary theory:

is a reduction of genotypic variability the only possible outcome

of natural selection? The process of frequency-deperideit

selection shows that, under certain circunstances, the outcome of

natural selection may be the maiutenance of genetic variation,

even in a constant homogeneous environment (Shorrocks, 1978).
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National Belge de la Recherche Scientifique and by the

European Research Office of the II.S. Army through) grants
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TABLE 1

Hypothetical data showing how to calculate the criterion. See

text for details.

Variab. Abs. Cumulat.

Scores Freq. Freq.

0 2 2

1 1 3

PzS 2 3 6

3 5 11

4 2 13

P7o 5 1 14

6 1 15

49 0 19

50 1 20
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TABLE 2

Experimental conditions for each Group and obtained results. Mean variability

scores were based on the last 5 sessions. P(S+)=.3 for all Groups.

Reinforcements Mean

Variability

Group Bird P(Cr) P(S+/Cr) Sess. mean' s.d.* Score

I1 .3 1 30 31.7 2.19 14.11
37 .3 1 30 32.0 2.17 14.06

I #9 .3 1 31 31.7 2.43 13.80
10 .3 1 24 32.2 2.47 13.64

#2 .5 .6 31 31.3 4.40 14.12
15 .5 .6 32 31.6 4.63 13.24

II #6 .5 .6 30 32.4 4.40 12.30
#11 .5 .6 30 31.6 4.62 13.75

13 .75 .4 31 31.6 4.56 11.70
#4 .75 .4 31 31.6 4.87 12.08

III 38 .75 .4 30 30.9 5.01 7.22
312 .75 .4 29 31.2 5.00 8.10

#13 1 .3 25 28.5 4.76 10.34
#14 1 .3 20 28.6 3.66 2.33

IV 315 1 .3 26 29.3 3.54 10.37
116 1 .3 20 30.6 4.1n 3.19
317 1 .3 20 30.1 5.53 3.35
918 1 .3 26 29.9 3.80 4.03

First session not included.
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TABLE 3

Experimental conditions for each Group and obtained results. Mean variability

scores are based on the last 5 sessions. P(Cr)=.7 troughout Experiment 2.

P(S+)=.3* P(S+)=.7"

Reinforcement mean Reinforcement mean

variab. variab

Group Bird Sess. mean" s.d.'' score Sess. mean s.d score

11 26 29.0 2.86 13.38 29 68.4 4.04 7.43

#3 30 25.4 5.15 10.20 25 69.4 2.71 12.92

LH #4 27 28.5 3.37 13.76 15 69.9 2.49 13.58

|8 27 26.3 5.64 13.31 20 69.9 2.10 13.28

#2 25 31.7 5.51 12.01 27 68.8 3.62 11.87

#5 20 30.1 4.97 9.46 28 69.4 2.88 9.91

HL #6 20 30.4 3.49 9.70 29 67.2 6.26 13.15

#7 25 30.8 5.13 12.60 24 68.8 3.28 13.84

' For Group LH, P(S+) was initially .3 and next .7. For Group HL, the reverse

order oct,,rred, i.e., P(S+)=.7 and later P(S+)=.3

'' First session not included in Group wi when P(S+)=.3.
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FIGURE CAPTIONS

Figure. 1 Probability distribution of variability scores

when performance is random (probability of a repetition p-.0625)

or stereotyped (p-.15, for example). Scores greater than the

criterion are followed by reinforcement.

Figure. 2 Number of reinforcements earned by each Bird on

each session. Dashed lines show the confidence interval, viz., +

1.96 a, of the expected number, viz., 30.

Figure. 3 Mean variability score as a function of the

percentile. (Dots - averages over the last 5 sessions for each

subject; solid line connects the mean of each Group).

Variability was permitted but not required in Group IV,

corresponding to Percentile 101.

Figure. 4 Uncertainty as a function of the percentile.

(Dots represent averages over the last 5 sessions for each

subject; the solid line connects the mean of each Group).

Figure. 5 Dots represent the frequency distribution of

variability scores c.tained with Bird #1 on the last 5 sessions.

The last dot corresponds to scores greater than 49. The solid

line connects the expected frequencies assuming random responding

(see Equation 1). A Chi square test showed no significant

difference between the two distributions, X2 (36)-37.44, p>.40.
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Figure. 6 Number of reinforcements earned by each bird on

each session. For birds #1, #3, #4, and #8, P(S+) was initially

.3 and then .7; for the other Birds, the reverse order occurred.

Dashed lines show the confidence interval, viz., + 1.96 o, of

the expected number, viz., 30 when P(S+)-.3 and 70 when P(S+)-.7

Data from one session of Bird #3 and two sessions of Bird #8 were

lost.

Figure. 7 Mean variability score obtained with each bird on the

last 5 sessions of each condition. For birds #1, #3, #4, and #8

(left), P(S+) was initially .3 and then .7; for the other Birds

(right), P(S+)-.7 and later .3.

Figure. 8 Uncertainty of each keypeck (left figure - first

and second pecks; right figure - third arid forth pecks) obtained

with Bird #1 when P(S+) was .3 (to the left of the arrows) arid .7

(to the right of the arrows)

94



,ii U(~--)S6

K~04

It 11 C

0.

ccr



96

r-~ n

(C-4

Cal

* 'A

0~~ 
%- I C>

I t I

un ' m 'n M

S iNNJDWNJ?.



VAI A

m

U-1

Lr'206

97 '/ I



-U L

0O @098



FIGURE 5
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